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abstract
A study has been made of the effects of additions of sodium and 
magnesium on the relationships between the cations, calcium, magnesium, 
pot as sim and sodium in cotton at different stages of growth* The 
influence of additions of sodium and magnesium on the phosphorus content 
of the plant and the relationships between the fertilisers containing 
sodium and magnesium and the yield of cotton were also studied.
Experiments were conducted on five different soil types in Louisiana.
The experimental locations were selected to Include areas that were acidic, 
low in available phosphorus, low in available potassium and low in available 
sodium. The treatments were set up in a randomized block design and three 
replications of each treatment were used. The plot else was 0.032 acre.
The fertilizers were applied in a band three inches below the seed at or 
Just before planting.
Complete fertilizers containing sodium nitrate as the source of nitrogen 
caused significant increases in the yield of seed cotton over similar mixtures 
containing ammonium nitrate on Olivier silt loam, Portland silty clay loam 
and Richland silt loam. The largest increase in yield, 353 pounds of seed 
cotton, due to the use of sodium nitrate in complete mixtures occurred on 
Eichland silt loam. On Galllon very fine sandy loam, a significant increase 
in yield resulted from the use of a complete fertilizer in which the nitrogen 
was carried by sodium nitrate and to which 130 pounds of Sul-Po-Mag was 
added* The addition of 250 pounds of dolomitic limestone with a complete 
fertilizer with sodium nitrate as the nitrogen carrier gave increases in 
yield over a corresponding mixture containing ammonium nitrate on Olivier
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silt loam and on Gallion very fine sandy loam. A response of 359 pounds 
of seed cotton due to the application of 250 pounds of dolomltic limestone 
with a complete fertiliser containing ammonium nitrate occurred on Olivier 
silt loam* There was a definite response from cotton to applications of 
magnesium on Portland silty clay loam. The complete fertilizer with 
aseaonium nitrate as the source of nitrogen and 250 pounds per acre of 
dolomitie limestone gave a higher yield than a similar combination con­
taining sodium nitrate. The complete fertilizer containing ammonium nitrate 
and supplemented with 130 pounds of Sul-Fo-Mag gave an increase of 244 
pounds per acre of seed cotton due to the use of Sul-Po-Mag.
Sodium from sodium nitrate or from sodium chloride increased the 
absorption of fertilizer phosphorus. Sodium additions enabled cotton 
plants to obtain more phosphorus from the native soil phosphate. Increases 
in magnesium concentrations were accompanied by increases in phosphorus 
accumulations in the roots, stems and leaves of plants growing on plots 
that received additions of phosphorus. Fertilizer phosphorus enabled the 
plants to obtain more native soil magnesium. The correlation between the 
accumulations of calcium and phosphorus in the plant tissue was possibly 
due to relatively large amounts of calcium accumulating in cotton. Plant 
analyses showed that cotton absorbed greater amounts of sodium on sodium 
treated plots and that sodium could partially substitute for potassium.
The results show a value for sodium as a partial substitute for potassium, 
a value for sodium in increasing the availability of phosphorus, and a 
value for sodium as a basic ion In the nutrition of cotton.
ix
intkcwctxom
Although sodium is not generally considered essential, for the growth 
and development of higher plants, its presence apparently ha® a marked 
effect upon the growth of seme plants under certain conditions* The value 
of sodium in plant nutrition has been widely disputed and its beneficial 
effects upon crops are not well understood. A number of explanations of 
the manner in which sodium benefits plants have been offered* Sodium is 
considered to have a nutritive value of its own in plants that respond to 
it in the presence of adequate potassium. Most of the root crops such as 
beets, mangels and turnips have been found to respond to sodium under such 
conditions* A larger number of crops will respond to sodium only when the 
potassium supply is inadequate* Cotton may be placed in the group of cropsf 
that show response to sodium when there is a deficiency of potassium* In 1 
this group, sodium Is generally considered to act as a substitute for part 
of the potassium required by the plant.
The extent to which sodium benefits plant growth varies with different 
plants and is influenced by the other cations present in the nutrient medium 
or soil. Usually the effect of sodium is like that of potassium in decreasing 
calcium and magnesium absorption* Its effect on potassium absorption varies 
with plants and conditions but Is usually small. Many workers have found 
that additions of sodium significantly increase the uptake of potassium, 
while others report a reciprocal relationship. In general, sodium absorption 




In experiments conducted by the Louisiana Agricultural Experiment 
Station during the last 22 years on comparative value of carriers of 
nitrogen In fertilisers for cotton* nitrate of soda has been particularly 
effective under certain conditions * Ddiere nitrate of soda has given the 
highest yields of cotton in the experiments* the soil was found to be 
acidic* relatively low in available potassium and sodium and low in avail-* 
able phosphorus* Some work has indicated that nitrate of soda apparently 
improved the availability of both soil and fertilizer phosphate* On add 
soils* nitrate of soda in complete mixtures with either Sul-Po~Mag or 
dolomitle limestone has given higher yields of cotton than mixtures contain­
ing ammonium nitrate as a source of nitrogen. The results of several workers
indicate the value of sodium as a substitute for potassium in functions common
\
to the basic ions or the value of sodium as an essential element in the 
growth of cotton. It has also been observed that both sodium and magnesium 
may be associated with the absorption of phosphorus by the crop*
The purpose of this Investigation was to study the effects of additions 
of sodium and magnesium on the relationships between the cations* calcium* 
magnesium* potassium and sodium in cotton at different stages of growth on 
different soil types. The Influence or relationships of additions of sodium 
and magnesium on the phosphorus content of the plant and the relationships 
between the fertilizers containing sodium and magnesium and the yield of 
cotton were also studied*
m a m  of m B i u m m i
Several workers (9, 106, HO, 116) have noted a tendency for cations 
to maintain constant ©illiequivalent sums per 100 grams of tissue, particu­
larly leaf tissue, despite great variation in the amount of any one cation 
absorbed* Such constancy obviously results from mutual cation replacement 
within the plant, Biff ©rent cations, however, are not equally effective in 
influencing absorption of other cations* fork, et al, (1X6) found that 
potassium was not influenced appreciably by other cations and was primarily 
a function of the available supply of this element in the soil*
Under uniform environmental conditions Bear (9), Wallace and others 
(HO), mad Toxic (116) noted that alfalfa plants maintained constant mllli- 
equivalent sums of potassium plus calcium plus magnesium plus sodium per 
unit dry matter regardless of wide variations in the number of miXXiequiva- 
lents of individual Ions* Bear (9) also recorded a similar tendency toward 
constancy for the milliequivalent sums of nitrogen plus phosphorus plus 
sulfur plus chlorine plus silicon, when expressed as anions* fan Xtallie 
(106) observed a mutual replacement of cations in Italian ryegrass occurring 
in approximately equivalent amounts* The uptake In the replacement value 
was largest for pot as alum and progressively decreased for sodium, magnesium 
and calcium* Wallace and others (110) reported that alfalfa leaves maintained 
a remarkably high degree of constancy in total-cation values* The total- 
cation values of the roots were fairly constants therefore, it was concluded 
that there was a tendency toward constancy for the plant as a whole*
According to Bussell (92), cation constancy is not exact* Young tissues 
and leaves tend to have a hi#er ionic concent ration than older ones, and
3
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plant® growing in a soil with m  appreciable soluble salt content often 
accumulate considerable quantities of mineral salts* As an extreme example, 
Bussell used some desert plants growing in saline soils* These plants had 
between 20 and 50 per cent of their dry matter in the form of soluble salts* 
Host crops cannot accumulate more salts than 1 to 2 per cent of their dry 
matter. Lucas and Scarscth (66) stated that some crops do not exhibit a 
cation absorption constancy, especially under experimental conditions where 
various factors are controlled and compared. Under field conditions where 
it was not possible to interpret the various deviations from the controlled 
factors a reasonable high tendency for basic cation absorption constancy 
for crops high in bases was noted.
It has long been known that the presence of a large concentration of 
any one cation in the nutrient solution results in decreased plant growth 
and that this so-called toxic effect of nutrient ions may often be overcome 
by increasing the concentration of another nutrient ©ation thus providing 
a better balance between the ions in solution. Although no entirely satis­
factory explanation has been offered for these results, plant analysis data 
has led to the theory that ions present in very high concentrations in the 
nutrient medium depress the absorption of other ions of like charge and may 
cause a deficiency of the latter for optimum plant growth. This theory in 
various modified forms has been referred t© as Ion antagonism.
According to Boynton and Compton (15), potassium fertilisation seemed 
to induce magnesium deficiency in Macintosh apple leaves. This effect of 
potassium fertilisation was accompanied by sharp increases in leaf potassium 
and decreases in leaf magnesium. It was concluded, that high leaf potassium 
may be a symptom of magnesium deficiency and analysis for potassium as well
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as for magnesium may Iso helpful In diagnosis of magnesium deficiency,
Carolus (20) found that addition of calcium to Norfolk sandy loam not only 
Increased calcium absorption in the bean plant but in all cases facilitated 
a large magnesium absorption and in seme cases was slightly beneficial to 
potassium absorption. The addition of magnesium had leas influence on 
magnesium absorption than any of the other cations used in the experiment , 
The sodium ion had a beneficial effect on calcium absorption and utilisation 
and was beneficial to magnesium utilisation but was detrimental to the 
absorption of potassium and extremely detrimental to the absorption of 
magnesium.
Hunter and others (54) found that an abrupt drop in yield occurred 
with alfalfa, when the calcium content of the plant tissue became greater 
than 2 per cent, when the potassium content fell below 1 per cent, or when 
the calcium-potasslum ratio exceeded 4 to 1, It was concluded that alfalfa 
could adjust Itself to wide variation® In soil calolum^pot&ssiom ratios , 
making normal growth at ratios anywhere between 111 and: 100s 1.
Pierre and Bower (89) have presented six factors affecting the influence 
of various cations on potassium absorption. These ares level of potassium, 
concentration of cations in relation to potassium concentration, kind of 
cation, presence of other cations, kind of plant, and pH of solution,
York and others (115) found that potassium had a pronounced depressive 
effect on the absorption of calcium by alfalfa on an acid Hardin silt loam, 
la no instance was there any evidence of a depressive effect of calcium on 
absorption of potassium. Although an inverse relationship between calcium 
and potassium was noted, this relationship was primarily a function of the
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potassium In the substrata. It was concluded that crops would benefit 
little from applications of Hums to acid soil when the supply of potassium 
or any other nutrient element is limiting growth,
Pierre and Bower ($9) presented data which show that plants grown on 
normal soils have a calcium plus magnesium to potassium ratio of less than 
3.5. Plants grown on high«.lim@d soil® have ratios between 5.5 and 11,0. 
Potassium fertiliser applied as a side dressing resulted In a marked increase 
in the potassium content of the plant and a lowering of the calcium plus 
magnesium to potassium ratio*
According to Stanford and other® ($8) the calcium plus magnesium to 
potassium ratio of 3.5 was normal for Iowa corn plants. Batios of 5 or 
above were found in plants showing marked symptoms of potassium deficiency.
It was also noted that when 200 pounds per acre of potassium chloride was 
applied to the soil a reduction in the milliequivalents of calcium and 
magnesium absorbed per 100 grams of plant material occurred* although the 
total absorption of these cations actually was increased.
Sears (96) found that the lack of available potassium along with a 
concentration of nit rat e-ni tro gen were the chief factors responsible for the 
unproductiveness of the alkali soils of Illinois. It m s  concluded that a 
favorable physiological balance was desirable* particularly with reference 
to potassium and nit rat e~ni tro gen.
According to Schmehl and others (94) when the exchangeable calcium 
content of an acid soil wa© reduced to 150 pound® per two ssdllion pound® 
of soil by diluting the soil with sand* the yield of alfalfa increased as 
much as 500 per cent. The growth of alfalfa on a peat sand culture at pH 4.8
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containing 500 pounds of exchangeable calcium was m  good as that on the 
Hardin soil limed to pi 6,5 and containing 3,$00 pounds of exchangeable 
calcium per acre, the authors concluded that the poor growth of alfalfa on 
the unlisted sell was not due to low exchangeable calcium supply in the soil 
or to low calcium content of the plant,
Moser (M2) showed from plant analysis of soybeans* lespadesa and 
sorghum that calcium supplied in increasing increments gradually Increased 
the concentration of this element In the crops* reaching the maximum where 
10 milliequivalents were applied at the pH of 6*5. It was also noted that 
phosphorus concentrations in the plants increased with the calcium supply.
Mehlich and Reed (78) reported that for crops growing in a given soil 
the relative concentration of calcium to potassium and magnesium in the leaf 
was lower for oats and timothy than for alelke, red clover and soybeans* and 
was lower in these than for lucerne* cotton and turnips.
According to ©ear and Toth (10) conditions approached the optimum for 
the calcium nutrition of alfalfa when 65 per cent of the exchange complex: 
of the soil was occupied by calcium* 10 per cent by magnesium* 5 per cent 
by potassium and 20 per cent by hydrogen, It was also shown that the ratios 
of the basic nutrient cations in alfalfa bore little resemblance to those in 
the exchange complex of th© soil on which it was grown. This was demonstrated 
by the dominance of calcium in the soil and potassium in the alfalfa plants. 
*̂hen any one of th© nutrient cation® was deficient in th© soil* more of the 
others moved into the alfalfa* but the sum of cation equivalent® in the 
plant per unit weight of dry tissue tended to b© constant.
It was demonstrated fey Peach and BradfieM (8?) that the addition of 
lime to an acid soil containing neutral salts increased th© calcium
concent ration # simultaneously decreased th® potassium concentration and 
thus very markedly increased the calcium to potassium ratio in th© soil 
solution* The observed suppressive effect of lime was induced primarily 
by th® ealcium-potassium interaction initiated In the soil*
Viets (108) found in several experiments that calcium increased 
potassium absorption by 80 per cent* Th® potassium was supplied from 
potassium nitrate and potassium sulfate solutions. Calcium was always 
more effective than magnesium in increasing the absorption of potassium! 
however, mixtures of calcium and magnesium sulfates produced increases in 
salt absorption of the same general magnitude as did these salts used 
singly. This indicated that calcium and magnesium are not performing 
independent functions but are performing some common functions, calcium 
being more efficient than magnesium.
Tan Itallie (107) reported that the ratio of magnesium to th® alkali
\
ions in the soil determines the magnesium content of the plant. As with 
calcium it was possible for plants to b© low in magnesium and exhibit 
deficiency symptoms when the supply of magnesium was sufficient if, at the 
same time, the alkali additions were large. Increasing calcium supplies 
slightly favored th© magnesium uptake, especially with small additions of 
magnesium. Replacement of most of the calcium by magnesium depressed the 
potassium content of th® plants.
According to Mehlich and Colem&n (77) in contrast to the low order of 
interaction between calcium and magnesium, th© interaction between calcium 
and potassium is great and is Influenced by type of soil colloid, cation 
exchange capacity and plant species • Potassium will tend to suppress
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calcium availability acre in the tnontmorillonitic type of colloid than 
la the kaelinitle type* The suppression of calcium would result in a 
greater uptake of potassium by the crop*
numerous investigators (32, 45, 46, 532, 61, 62, 103) have demonstrated 
that plants vary in their need for and capacity to utilize sodium, and that 
sodium can be substituted for potassium to a variable extent depending on 
the nutrient status of the soil mid the kind of plant * It is generally 
recognized that beneficial results may be expected from the application 
of sodium to soils low in available potassium* The definite role of sodium 
In the nutrition of the cotton plant is obscured under field conditions, 
since the crop may grow normally with relatively little sodium accumulating 
la the tissues, and it may grow well on soils low in available sodium 
content (71)* A comprehensive review of sodium studies m y  be found in 
the abstracts compiled by the Chilean Nitrate Educational Bureau, Inc* (21).
Since potassium and sodium are In the same group of chemical elements,
It is logical to conclude that there may be some interrelation between the 
responses of plants to various combinations of potassium and sodium in the 
fertilizer applied* Yield and plant composition data suggest that there 
are interchanges in the functions between potassium and sodium in fertilizers 
as related to the growth of eotton (4, 7, 25, 31, 58, 71, 72, 105)*
Various interpretations have bean presented in an attempt to explain 
the effect of sodium on plant growth* Many investigators have ascribed 
increased production from sodium additions to a release of potassium in the 
soil (26, 79, 81, 92). There is much evidence that sodium at least shares 
some of the functions of potassium and other cations (21, 71, 79, 80, 81, 92)* 
Hartwell and Damon (47) reported results for the years 1905 to 1918 of
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a field experiment begun in 1894 to ascertain the value of sodium as an 
entire or partial substitute for potassium, A portion of the benefits 
arising from use of sodium in the field was attributable to indirect action* 
but nutrient solution work indicated that also direct beneficial effects 
were obtained in the field* It was concluded that where there was m  in­
sufficiency of potassium, sodium became beneficial.
As early as 1906 Breaseale (16) studied th© relation of sodium to 
potassium is soil and solution cultures* It was observed that both wheat 
and radishes responded to sodium additions* The general development of the 
plant was in the same relative order as the transpiration. Th® presence 
of sodium Increased the transpiration and sis® of plants even when there 
was an abundance of potash* There was a greater absorption of potassium 
when sodium was absent*
A survey of investigations made in Europe and America regarding the 
effect of sodium on plant growth and the possibility of its serving as an 
essential plant nutrient was made by Hamer and Beane (45)* Props were 
classified according to their responses to sodium*
A* Benefited by sodium in deficiency of potassium
Group X, Hone to very slight benefit * buckwheat, com, 
lettuce, parsley, parsnip, peppermint, potato, 
rye, soybean, spinach, squash, strawberry, 
sunflower, and white bean*
Group IX. Slight to medium benefits asparagus, barley, 
broccoli, Brussels sprout, ©arroway, carrot, 
chicory, cotton, flax, millet, oat, pea, 
rutabaga, tomato, vetch, and wheat.
n
B. Benefited by sodium In sufficiency of potassium
Group XIX. Slight t© medium benefits cabbage, celeriac, 
horseradish, kale, Kohlabi, mustard, radish 
and rape.
Group 1?. large benefits celery, mangel, sugarbeei,
Swiss chard, table beet and turnip*
According to Hamer and others {46) the amount of response to sodium shown 
by sodium-responsive crops is dependent on four factors* sodium content 
of the fertilizer, composition and drainage of the soil, variety of th® 
crop, and seasonal climate*
The value ©f nitrate of soda as a source of nitrogen in th© growth of 
cotton has been studied by many workers (7, 25, 30, 31, 52, 71, 72, 109) ♦ 
Bltrate of soda has consistently given the highest yields of cotton on 
soils low or relatively lew in exchangeable potassium and sodium (71).
Other workers (31, 58, 69, 71, 85) observed that sodium could partially 
substitute for potassium in the nutrition of cotton and that fertilisers 
containing sodium increased the yields of cotton on soils that were deficient 
la available potassium.
Cooper and Faden (31) found that th© inclusion of the equivalent of 
100 pounds of SfagO per acre in the form of sodium nitrate significantly 
increased the yield of seed cotton. An increase of 184 pounds of seed 
cotton per acre was obtained with nitrate of soda at the lowest level of 
potassium fertilization. The yield data Indicated that with relatively 
high potassium fertilization, little or no increase in yield would be ex­
pected from the inclusion of sodium in th© fertilizer. Cooper and Garmon 
(25) suggested that since potassium is a stronger Ion than sodium it would 
probably be selectively absorbed by the cotton plant.
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Marshall and Sturgis (71) reported that th® application of sodium as 
sodium chloride at a rate equivalent to 4$ pounds of KgO an acre signifi­
cantly increased the yield of cotton in four experiments* Responses to 
sodium from sodium chloride were obtained on Olivier silt loam when potash 
and sodium chloride were applied at the lower levels. Addition of sodium 
equivalent to 24 pounds of KgO was the most effective rate. Andrew© and 
Coleman (4) reported an increase of 195 pounds of seed cotton per acre from 
addition of sodium chloride equivalent to 8 per cent potash in a 600 pound 
application of fertiliser.
Cooper and his co-workers (28) classified cotton as a calcium accumu­
lator plant since it was shown that it contained relatively large quantities 
of calcium in the tissue, the workers concluded that it was necessary to 
have an abundant supply of potassium in the nutrient medium to secure satis­
factory yields of carbonaceous crops which accumulated calcium. Lancaster 
and others (58) suggested that sodium may effect a more favorable calcium- 
potasslum balance in the cotton plant by reducing the uptake of calcium.
According to Leonard and Bear (62)* Sayre and ?ittwm (93)* and fruog 
and others (103)* sugar beets* Swiss chard and celery responded significantly 
to sodium fertilisation• In a field experiment* 265 pounds of ft&gO m  acre* 
applied as con®on salt produced highly significant yield increases of table 
beets and Swiss chard, both with and without the us© of 100 pounds of 
an acre (62). Truog and others (103) stated that in general* crops that 
respond notably to ©odium fertilisation respond regardless of the level of 
potassium* whereas crops that respond only moderately when the supply of 
potassium is low do not respond appreciably when the supply of potassium 
is adequate.
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Wahunt and Collins (1X1)» L&rseiJ and Pierre (61), Steele (99) and 
Cope and others (32) presented dote indieating that sodium had a beneficial 
role in th© nutrition of oat© 'when the potassium level was inadequate.
Xarsea and Pierre (61) found that the order of response to sodium fertili­
zation was the same as for ©as® of absorption of ssodiumf namely, beets 
flax oats corn* Correlation coefficients of total sodium plus potassium 
content with yield of beets were 0*91 and 0.93® laraen and Pierre (61) 
placed emphasis on the fact that the potassium contents of beets that ab­
sorbed relatively large amounts of sodium cannot be considered as an index: 
of yield®
Gammon (41) found that sodium could be substituted for approximately 
two-thirds of the potassium requirement of pangola grass without causing 
any appreciable reduction In growth* th© potassium requirement® of carpet 
and weeping love gras©©® were much lower, and no distinct benefit© from 
th© use of sodium were observed®
Cooper and Mitchell (26) used th© normal electrode potential as a 
measure of the intensity factor of energy in the formation of nutrient ions 
from the elements • There was a definite correlation between the relative 
strength of certain nutrient ions as measured by the normal electrode 
potential and the intensity of the removal of different nutrient ion® from 
th© soil by electrodialysis, The same workers (26) noted that th© elements 
in many plants were arranged in th® order of the relative strength of the 
different nutrient ions, This is partially in accord with Jjuradegardh*® (68) 
concept that potassium, due to it® mobility, ia able to overcome a con- 
centrational deficit and depress leas mobile ions present in greater amounts.
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Due to th© relatively high eoiftpetitiv© ability of both potassium and 
sodium, it is logical to conclude that th© effect of these nutrient ions 
both singly and in combination might have some antagonistic or depressive 
effect on other nutrient ions in the medium* Steel© {99) reported that 
sodium decreased the calcium content ©f oat grain and straw and decreased 
the phosphorus content of oat straw. Wellborn and others (113) noted 
magnesium deficiency symptoms on cotton that had received Chilean nitrate* 
Where calcium carbonate was used, the symptoms were more severe* Brgl© and 
Baton (37) reported that leaves of cotton plant® cultured on nitrate nitrogen 
had a greater sum of calcium, magnesium, potassium and sodium than did 
plants on ammonium nitrogen*
The object of a study conducted by Kelson and Brady (03) was to supply 
cations to iadin© clover without adding them to the soil in which the plant 
was grown, so that the interaction of the ions in the plant could be 
separated from their chemical reaction in the soil* Being the ^Horizontally 
Divided Boot Environment Technique5* a reciprocal relationship in th© cation 
content of the leaves and petioles occurred between sodium and potassium, 
potassium and calcium and calcium and potassium. It was noted that calcium, 
potassium and sodium treatments were equally effective in decreasing th© 
magnesium content.
Hester and others (50) found that additions of magnesium had to be 
accompanied by an increase in potassium additions or th© yield of potatoes 
would be decreased on a magnesium deficient Sassafras® sand* Th© authors 
attributed this to an unbalance among the cations, particularly a deficiency 
of magnesium which prevented the plant from responding to potassium.
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According to Mehlich (%) selective adsorption of cation© involving 
exchange reaction, notably magnesium, potassium and possibly sodium is 
restricted to active roots, whereas the adsorption of cation© by metabolically 
Inactive roots was a neutralization reaction involving principally calcium.
It was concluded from the work of Allaway and Pierre (2) that dif­
ferences in the amount of exchangeable potassium present was responsible 
for differences la plant growth between unproductive high-limed soil® and 
adjacent soils which supported plant growth* The unproductive soils averaged 
150 pounds ©f exchangeable potassium per acre, whereas the productive ©oils 
averaged 396 pounds.
Larsen and Allaway (60) and Larsen (59) conducted an investigation to 
determine the amounts of replaceable sodium in the surface horizon. The 
amounts of exchangeable sodium ranged from 0,03 to 0*2? mill!equivalent® 
per 100 grams of soil. Much larger amount© were present in the B horizon 
of soils containing clay accumulation© • Larsen and Allaway (60) studied 
the amounts of replaceable sodium and potassium and the rate© of release 
of these two elements from non-replaceable to replaceable form®. More 
sodium than potassium was released during 360 day© of incubation. The 
average amount of ©odium released was 0.17 milli©qulvalent®, The amount 
of potassium released was 0.12 milllequivalents. It was believed that 
differences in the release of ©odium and potassium were due to the dif­
ferences In the types of minerals containing these two elements. The workers 
concluded that sodium release was due to feldspar weathering, whereas 
potassium release was from feldspars and mica-like minerals.
Bartholomew and Janseen ($) presented evidence suggesting that rapid
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absorption of potassium by plant® faring the early stage® of growth so 
depleted the supply of available potassium In the soil that plants had to 
translocate and reutilis&e the potassium previously taken up in order to 
maintain good growth during the latter stages of development,
A great deal of difficulty is encountered in studies involving the 
absorption of cations from soils. It is hard to separate the influence of 
the exchangeable ions on the availability of each other in the soil solution 
and their influence, alone or In combination, on the absorption of each by 
plants (&9). Plant physiologists have attempted to solve this problem with 
the use of culture solutions! however, m  additional problem i© created in 
the application of the results obtained from culture solution® to soils*
The mechanism by which ions are absorbed is uncertain, but the absorp­
tion mast involve an expenditure of energy, since they are many times more 
concentrated in the cell sap than In the ©oil solution (80, 81, 79, 92).
The source of the energy expended in nutrient absorption is presumably carbo­
hydrates which are oxidised in the absorbing cells, for these cells require 
a constant supply of oxygen and removal of carbon dioxide if they are to 
carry out this process (92)* Miller (80, 81) noted that respiration of 
carbohydrates in the absorbing colls provided the energy required to absorb 
ions* Marshall and Upchurch (70) found that differences of 1500 t© 2000 
calories in the free energy change for different substrates markedly affected 
cation uptake. There were greater uptakes of potassium and calcium as the 
bicarbonates than as the chlorides* This was attributed to the fact that 
bicarbonate© have a 2500 to 3000 calorie advantage over the chlorides*
A theory of ion absorption, based on the aerobic oxidation ©f carbo­
hydrate in the absorbing cell, was developed by Lundegardh (68), According
17
to this theory, electron® are transferred from inside the cell to the medium 
surrounding the absorbing cell by mean® of an ensyme system* Hydrogen ions 
outside the cell accept these electrons and combine with the oxygen present 
in the aerobic medium to form water* this causes an unbalanced electrical 
state and anions move from outside to inside the cell to maintain electrical 
neutrality* The source of electron® inside the cells are hydrogen atoms* 
Thee® become hydrogen lane and concentrate as the oxidation proceeds*
Because of the higher hydrogen Ion concentration inside the cell than outside,i
basic ion® from the surrounding medium are exchanged for hydrogen ion® inside 
the cell*
Jenny and Overstreet (55) concluded that a contact phenomenon existed 
between plant roots and clay particles* Barley root® retained their 
potassium against distilled water and salt solutions of moderate concen­
tration for a period of 10 hours} however, dilute clay suspensions carrying 
adsorbed sodium, ammonium or hydrogen ions reduced the potassium level of 
the root from 15 to 90 per cent* This contact phenomenon assigns to the 
root surface the role of active participation in the liberation of adsorbed 
nutrient ions thus enabling the plant to feed directly upon the solid phase.
Cooper (24) and Cooper and co-workers (29) showed that there was a 
very close correlation between the normal electrode potential and th© 
absorption of ions* Cooper uses this theory to Illustrate the general 
tendency for plants to absorb ion® selectively according to relative strength
rather than th© relative concentration of ions in the nutrient medium. The
mobility of cations in plant tissue, according to lundegardh (68) Is a
function of the charge and the diameter of the ion* For this reason the
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more mobile potassium ion will moire faster inside the plant than a less 
mobile ion such as calcium, Lundegardh (6?) used th© ratio of the percentage 
cation In vegetation divided by the percentage of exchangeable cation in the 
soil to express the rate of intake for the various elements. This ratio 
gave a good measure of the ease of absorption of the different cations.
Th© theory of selective absorption of ions was further substantiated 
by Collander (22) in his work with cultivated halophytes. He noted that 
seme plants absorbed from 20 to 60 times as much sodium as others while 
growing in the same nutrient solution.
There has been considerable speculation and research on the effects 
of magnesium in enabling plants to utilise phosphorus. ‘The theory proposed 
by Loew (d&) that on© of the functions of magnesium in plants is that of 
a carrier of phosphorus has been widely accepted (29, 57, 104, 117).
Since both magnesium and phosphorus are usually high in oily seeds ? the 
formation of oils is accompanied or preceded by the formation of lecithin, 
and mag&esium is found in greater amounts in plant cells when both lecithin 
and nueleoproteins are present than when one of these is absent. Loew (64) 
theorised that magnesium functions to facilitate the movement of phosphorus 
in the plant to th© points where the phosphorus is synthesised into organic 
compounds*
Experimental data on the effects of magnesium on the utilisation of 
phosphorus are conflicting. Kellogg (57) concluded after a study on arid 
soils of Morth Dakota that a deficiency of magnesium was th© probable 
reason for lack of response to phosphorus fertilisation on some soils.
Truog and associates (104) found in a recent investigation that the concen­
tration of phosphorus in garden peas was increased by increasing applications
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of high-magn®»ium limestone and concluded that their data supported the 
theory that magnesium functions as a phosphorus carrier* Hunter (53) 
found that when the proportions of massesluaa and calcium were varied recip­
rocally in a soil, increasing magnesium, though greatly increasing the 
magnesium content, had little effect upon the phosphorus content of alfalfa 
within the range in which calcium exceeded magnesium and that significant 
increases in phosphorus uptake occurred only when the amount of available 
magnesium in the soil approached closely, or became greater than, the amount 
of calcium* Bartholomew (6) added magnesium to various phosphate fertilisers 
and found increases in phosphorus absorption In some eases and decreases or 
no effects in other cases, McGeorge (74) conducted extensive Meubauer tests 
on Arisons soils and concluded that the type of soil and kind of crop must 
be taken into consideration in drawing conclusions regarding the effects of 
magnesium on absorption of phosphorus by plants* Data of Geriek® and 
Polheim (42) indicated that the uptake of phosphorus from soil was in most 
eases not affected by treatment with magnesium and calcium sulfates or 
carbonates, and that In some cases both sulfates caused a reduction in 
phosphorus uptake* Fudge (39) did not detect any consistent effect of even 
very large applications of MgCO^ upon the concentration of phosphorus in 
orange Juice* Willis, Pilaxid and Gay (114), in studying the influence of 
magnesium deficiency on phosphorus absorption by soybean®, found no signifi­
cant effect of added magnesium on phosphorus uptake from soils which were 
so deficient In magnesium as to require fertilisation with some magnesium 
compound • Beeson, Lyon and Barr ant ine (H), in investigating the absorption 
©f nutrients by the tomato plant, found magnesium and phosphorus in th®
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leaves to be positively correlated bat thought it questionable that magnesium 
had a role In abaorptlon of HH>4 by root cells.
Bew&n and Hunter (34) found that th® application of magnesium to soils 
markedly increased the percentage of magnesium in soybeans and sud&n grass 
but failed to significantly increase the percentage phosphorus in soybeans 
harvested as pod formation began* Magnesium application significantly 
Increased the percentage phosphorus in sudan grass harvested at four weeks 
of age but not in grass harvested eight weeks after seeding.
Cooper* Mitehell and Page (27) found that there appeared to be a wider 
variation in the ealeium-phosphorua ratio than in the mgneaiusa-phosphorus 
ratio in the legumes than in the grasses, th© relatively uniform magnesium- 
pbosphoras ratio suggested that there may be a definite relationship between 
the assimilation of magnesium and phosphorus.
The quality of radiant energy available In sunlight and the quality of 
radiant energy absorbed by chlorophyll suggest that magnesium is on® of th© 
strongest metallic cations that could be readily assimilated in combinations 
with such relatively light-stable anions as phosphate and carbonate.
Cooper (23) suggested that many plants selectively absorb the relatively 
strong ions; the quantity of magnesium in most plants is significantly 
lower than the potassium or calcium content.
Literature describing the effect of neutral salts having no common 
ion with the P2O5 fertiliser compound* on phosphate availability is con­
flicting. Some investigators have found that certain salts increase availa­
bility, whereas others have found the opposite to be true (1, 24, 33$ 3$*
40, 63, 75)* McGeorge and Ereaaeale (75) and Lewi® and others (63) reported
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that, ia general, neutral salt# having »  Q o m m  ion increased the solu­
bility of the slightly soluble P2®5 salt* According to MeGeorg® and 
Breaaeale (75), black alkali soils with sufficient replaceable sodium to 
yield free hydroxyl lone, on hydrolysis always contain soluble phosphate 
ia readily determinable amounts. If thee© alkali soil® are le&ohed free 
of replaceable sodium, the phosphate solubility was reduced,. The author© 
concluded that the calcium saturated exchange' complex reduced the solubility 
of phosphate by supplying the common calcium ion on hydrolysis*
In comparing the relative' strength and activity of ions In any mafcri- 
tion&X complex, comparable concentrations must be considered, as mass action 
resulting from, high consent rations of ions may become a more significant 
factor than relative strength of ions in certain situations* Isjaphasis was 
placed on the significance of the solubility of nutrient compounds by Cooper 
(24) in his work on the energy properties of plant nutrients*
The solubility of certain nutrient compounds expressed, in grams of 
anhydrides per 100 grams of cold water at 30° ©r 0° 0. from Hodman (51) 
or as followss
ion po4 u m k e2k>4
K Sl.S ¥.S* 33.0
Ha 28*3 21*9 110*3
Hifi «•***.*• 42*9® 22*7®
C* 0*002 0.02 1*8
Kg 0*02 0*31 — —
Sl.S S 3 lightly soluble! ¥*$* a very soluble *
The relatively high solubility of sodium and ammonium phosphate© as compared 
with the low solubility of calcium phosphate may to© a significant factor In 
determining the absorption and translocation m  well as the fixation of phos­
phate *
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Alloa (3) found monoammonium phosphate to be approximately equivalent 
to doable superphosphate in availability, the crops studied were beans, 
vetch, oats and ryegrass grown m  a hi^aly calcareous Houston black clay. 
Hall and others (44) and Bias or (14) found superphosphate superior to other 
phosphate materialsj however, during the early season of growth, Ladino 
elover absorbed more from calcium raotaphosphate.
The effect of sodium from sodium nitrate on the use of soil phosphorus 
by cotton has been observed by several workers (6, 31* 7!)* Marshall and 
Sturgis (71) noted that nitrate of soda significantly increased the yield 
of seed cotton on Llntonla silt loam when no phosphorus was added to the 
fertiliser mixture. They attributed this increase to the possible effect 
of sodium on the availability and subsequent absorption of phosphorus.
Stelly and Morris (100) reported that m  significant response in yield, 
or percentage phosphorus in the cotton plant was obtained by adding lime to 
the fertiliser. According to Reuther and others (91)# heavy phosphate 
application did not greatly influence the accumulation of cations in an acid 
sandy orchard soil in Florida. There was a suggestion that potassium was 
slightly increased while magnesium was slightly decreased by heavy phosphate 
fertilisation.
According to Basssinger and Larsen (36), soils containing from 0.5- 1.0 
per cent lime showed the lowest response to phosphate fertilisation. Beyond 
the 1.0- 2.0 per cent lime range there was no appreciable change in response 
with increasing lime content. Soils that contained less than 0*01 per cent 
lime gave as great a response as soil® containing more tha 1*0 per cent lime.
Fraps (30) presented data showing the relative fixation of phosphorus 
in 1,413 Texas soils. The correlation coefficient between the phosphoric
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aeid adsorbed and th© percentages of iron and aluminum oxide dissolved with 
strong aeid from the surface soils was 0,7/4. there was a close correlation 
between the phosphoric aeid fixed by the soil and the quantities of iron 
and aluminum oxides dissolved by acid* A correlation coefficient of 0.09$ 
was calculated between the quantity of lime dissolved and the phosphoric 
aeid fixed, this non-significant r value indicated that there was little 
correlation between the phosphoric acid adsorbed by the soil and the amount 
of lime present. Weiser (112) has shorn that ?ermont soil© were compara­
tively high fixers of phosphorus. the author thought this fixation was 
brought about chiefly by iron and aluminum compounds.
According to long and Seats (65)* responses of com to phosphorus 
futilisation on loess-derived soils correlated least satisfactorily with 
the soil test where predicted yield response was obtained in only 1? per 
cent of the tests. Responses of cotton to potassium fertilisation indicated 
the best correlation with the soil test, the prediction accuracy being 60 
per cent. Bigger and others (13) found that it was impossible to establish 
optimum levels of phosphorus and potassium for maximum yields of sugar 
beets and peppermint by correlating rapid soil tests, green tissue tests 
and crop yields. The physiological nature of the plant®, the seasonal 
variation in plant composition, the differential response of the crops to 
the fertiliser ratios, and the limitation of th© fertiliser analysis were 
the factors responsible for the failure of correlation. Bennett and others 
(12) found that a definite relationship existed between yield and the 
nitrogen and phosphorus content of corn leaves. Both of th© regression 
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p̂xrigQ 3gt02£0$f m (%) OAaifte pn© nofct»M pŝottpwoo ©ha Ĥaorpiadbea uy
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acid and alkaline aides of this point were explained in terns of the electric 
charge on the membrane, adsorption on the surface and transmission by ion 
exchange from micelle to micelle#
Bard (19) reported that the surface sl&e of phosphate carrying parti­
cles was the most important factor in determining th® phosphate solubility 
in soils in the imeasurably short time Involved in the transfer of such 
ions from the solid to the liquid phase or to a plant root surface. the 
same author concluded that it was doubtful if a true equilibrium was ever 
established between an apatite crystal and dilute acids, since, if the ratio 
of apatite to acid is low, all of the apatite will go into solution, and 
if the ratio is high, the hydrolysis of calcium will modify the pH of the 
solution so that further solution of phosphate is inhibited and calcium 
phosphate Is precipitated# The crystalline mineral has no specific solu­
bility.
Melnliffe and others (73) used phosphate containing F32 to study th© 
kinetics of the exchange between phosphate on th© surface of soil minerals 
with phosphate ia solution# Two reactions were recognisable, the first of 
which corresponded to rapid exchange between phosphate in solution and 
phosphate on the surface# The amount of rapidly equilibrating surface 
phosphate paralleled levels of phosphatic measured by anion exchange, 
modified Truog solubility or Neubauer growth experiments # The workers 
concluded that the separation of available fertiliser and soil phosphorus 
was not an absolute measure in view of isotopic exchange of P32 for P31 on 
the interfaces of soil colloids, Desorption studies conducted by Sealtss (95) 
showed that sulphuric acid and arsenic acid were th© most effective desorbing
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agents sad their effectiveness was attributed ia part to the ability of 
the self ate and arsenate anions to displace phosphate.
the general nature of adsorption of nucleic aeid by clays has been 
reviewed by Goring (45). Adsorption was influenced by the reaction period, 
the temperature, the type and. concentration of clay and nuclei© acid material, 
the pH and the inorganic cation present* Increasing the concentration of 
nucleic acid material and decreasing the pH or clay concentration increased 
adsorption ©f phosphorus per gram of clay. Adsorption of ribonucleic acid 
was greater in presence of calcium or magnesium than in presence of sodium 
or potassium. The workers concluded that nucleic acid materials were 
adsorbed through their cationic and orthophosphate groups.
Jordan and others (36) concluded that soil moisture tension exerts 
a considerable influence on the phosphorus uptake by potatoes from the 
fertiliser applied and from the soil. Potatoes remove more fertiliser 
and soil phosphorus at the lew soil moisture tension than at the hi# 
tension. Plants were able to absorb more soil phosphorus fro® soil treated 
with superphosphate than from untreated soil. Fuller and Me George (40) 
found a distinct relationship between the amount of water and carbonic 
add soluble phosphorus and availability of th© phosphorus of the soil to 
plant. High carbonate calcium and "active* calcium wer© correlated with 
low amounts of water and carbonic acid soluble phosphorus at different 
depths within a single soil. This relationship did not hold for different 
surface soils.
Current method® of soil testing depend on the assumptions that th© 
roots of plants are extracting nutrient ions from the soil in amounts 
comparable to dilute acids and that the uptake of the dissolved nutrient
2?
loaa Is related to their concentration in soil* th© practical rain© of 
chemical soil analyst & varies in different localities. At present, there 
seems to he a general trend to develop more appropriate physiological 
methods (6?, 79, #1).
Plant physiological methods, known as tissue analysis, have been 
recently reviewed by Lundegardh (6$). The fundamental thesis here is that 
only those nutrient ions which have entered th© plant determine growth and 
fruiting* The analysis of th© whole plant, even If performed at an early 
stage, is not to be recomended {&&)» A more reliable method is th® choice 
of tissues, the nutrient content of which serves as an indicator for the 
mineral condition of the whole. Usually the leave© are chosen as being 
organs whose concentration of nutrients most nearly reflect the quantities 
of potassium, phosphorus, calcium and nitrogen, sufficient for growth* In 
some plants, organs other than the leaves give more accurate results* Th© 
roots of sugar beets are well adapted to tissue analysis (92). Samples of 
the stem give the best results for beans ($6)* Comparative Investigations 
on cereals have shown that the straw functions as a more unspecific con­
tainer of nutrients and that th© spikes and fruits show little variation as 
to the percentage of nutrients* th© nutrient supply is here mor® likely 
reflected in the number of fruit (68, 92). The leaves, through their central 
functions, photosynthesis and protein formation, have a deciding influence 
on the quantities of nutrients transported to th© growing shoots and fruits. 
The nutrient content of the leave© thus reflects both th® supply from th© soil 
and the future yield.
As to the most suitable time of sampling, Investigations on a number 
of agronomic crops show that th® highest concent rations ar© attained in an
aa
©arly stage of development, tut that the period of flowering is more specific 
and recognisable# The percentage of potassium, phosphorus, calcium and 
nitrogen, expressed in percent dry weight of leaf tissue, Is sufficiently 
constant during the flowering period of orm to two weeks# The objection 
to leaf analysis is that nutrients may vary a great deal without corres* 
ponding variation of yield, A thorough investigation shows that this is 
true only at above optimum values, A distinct limit can be distinguished, 
below which growth inevitably decreases# Values below this limit ar© the 
ones which ar© of interest from the viewpoint of fertilisation#
The practical purpose of tissue analysis is to serve as a fertiliser 
guide for th© coming year* The applicability of th© results t© the condi­
tions likely to prevail is of fundamental importance. For example, it 1® 
important to know whether leaf analysis from sanplss, collected in a dry 
year may be applied to condition® prevailing during a wet year# Th® values 
of nitrogen and calcium generally vary more than the values of potassium 
and phosphorus$ th© latter are on the whole more constant. In general, 
the results with most crops suggest that seasonal variations do not seriously 




Six experiments were run in 1952 and 1953 on five different soil 
types in Louisiana* The soils were Gallion very fine sandy loam, Olivier
silt loam, Bichland silt loam, lust on fine sandy loan and Portland silty
clay loam* Experimental locations were selected to include areas that
were acidic, pH 5*2~6#&; low in available phosphorus, 11-60 ppm; low In
available potassium, 0,09-0*20 me*; low in available sodium, 0 *06-0*27 me, 
per 100 grams*
The locations were as follows} Galllon very fine sandy loam m  
A. T. Sims Farm, Her Boug©, 1952; Olivier silt loam on 0, Metrejeam Bum, 
Opelousas, 1953; Bichland silt loam on Louisiana State University Experiment 
Station, Perkins Hoad Farm, Baton Rouge, 1952 and 19531 Ruston fine sandy 
loam on the North Louisiana Mill Farm Experiment Station, Homer, 1952 and 
1953; Portland silty clay loam on Bale Crawford Farm, Bastrop, 1953*
The experiments were set up in a randomized block design and three 
replications of each treatment were used* The plot size was 0.032 acre*
As indicated in the outline for different locations, nitrate of soda and 
ammonium nitrate were used as sources of nitrogen* Sodium chloride and 
nitrate of soda were used as carriers of sodium* Superphosphate, 20 per 
cent available P2O5, was the source of phosphorus in the fertilisers* 
Muriate of potash, 60 per cent K20 and Sul-Po-Mag 21*5 per cent K$Q and 
IB.5 per cent MgO were the potash carriers* Dolomltic limestone, IB per 
cent MgO, and Sul-Po-Mag, 18.5 per cent MgO were used to supply magnesium* 




the experiments conducted on Oalllon very fine sandy loam at Her
Rouge, on Olivier silt loam at Opelousas9 on Portland silty clay loam





Qm* 0*» 0*“ Q— 0
46— 0— 0* Q-1Q9 HaB©3
46- 0- 0- 0- © M 4IO3
46-24-46- 0-109 BaH©3
46—24—46— 0— 0 HH4NO3
40-40-46- 0-109 BaH03
46—46-40— 0— 0 NH4NO3
46- 0-46- 0-109 XaBOy
46- 0—46— 0— 0 SSH4HO3
46-46- 0— 0—109 NaN03
46-46- 0- 0 - 0 NH4HO3
46—46— 0— 0— $2 MH4HO3, NaCl
46-46-46-24-109 KaMOy, Sul-Po-Mag
46-46-46-24- 0 RH4RO3, Sul-Po-Mag
46-46-46-46-109 BaR03, Lolomitie Limestone
46—46—46—46— 0 KH4NO3, Dolomitic Limestone
»
The experiment conducted on Richland silt loam at the Perkins Road




0* 0. 0** 0"* 0
48—48— 0** O**- 0 RH4HQ3
40-48- 0-0-48 KH4RO3 , MaCl
48—48— 0— 0— 32 HH4MO3 , MaCl
48-48- 0— 0— 16 MR4MO3, MaCl
48-48-24- 0- 0 HM4HO3
48-48-24- 0- 32 IR4M03, MaCl
48—48—24— 0— 10 MH4MO3, MaCl
48-48—48— 0— 0 SH4H03
48-48-48- 0- 32 MH4BO3, Had
48—48—48— 0— 10 SR4MO3 , MaCl
48-48-72- 0- 0 m hm 3




48—48—48—41— 0 M 4HO3 , Bolomitie Limestone
48-48-48-41-109 MaMC^, Bolomitlc Limestone
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Tin® experiment conducted on Richland silt loam at th© Perkin® Road
Experimental Farm, Baton Rouge * 1953 included th© following treatments?
Treatments Sources of
lfes*/W® Iff, SC-gO, MgO
and $$&g0
0— 0*- 0*- 0** 0
4S* 0— 0— 0-109 KaJIOs
48— 0»«48» 0-109 tfeS®3, KOI
48- 0-48-41-109 Ha!S03, Sul-Pc-Mag
40-24-48- 0-109 Bs« 3  , KOI
48—24—48—41—109 HsHQj, Sul-Po-M&g
40-40- 0— 0-109
40-40- 0- 0- 0 M 4HO3
40-40-24- 0-109 KfaJK)3, KOI
40-40-24- 0— 0 HH4HO3, KOI
40- 0-24- 0-109 HalTOj, KOI
40-40-40- 0-109 KOI
40—40—40— 0— 0 NH4MO3, KOI
40—40—40—41—109 HaH03 $ KOI, BoXomitie Limestone
40-40-40-41- 0 M 4KO3, KOI, Bolomitic Limestone
40-40-40-41-109 HaN03, Sul-Po-Mag
48-40-72- 0-109 HaK03, KOI
48-48-72- 0- 0 ^ 4^03 , KCX
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Soil samples, from th© various locations , were taken from plots that 
had received no additions of Urn© or fertiliser* After air drying, a 
composite sample of the soil from th© check plots at each location was 
screened and thoroughly mixed and Its moisture content determined* Samples 
were placed in an oven at 105° 0. for eight hours, cooled In a desiccator 
over calcium chloride, and the loss of water determined by weighing* All 
the determinations were mad® on the air-dry soil material and th© results 
reported on the dry basis*
Ten grams of soil were allowed to stand overnight with 50 milliliters 
of distilled water* the suspension stirred* allowed to stand 10 minutes 
and the pH determined by means of the glass electrode*
Total nitrogen was determined by th® Qunning-IIihbard method modified 
to use boric acid for absorption of the ammonia •
ISxehangeable or âvailable** potassium, calcium* sodium and magnesium 
were determined by extraction with 0*05 H hydrochloric acid according to 
methods proposed by Heed and Sturgis (90) • Th© ratio of soil to extractant 
was 1*25* Six grams of soil in duplicate were agitated for one hour with 
150 ml. of 0.05 H hydrochloric acid and the suspensions filtered through 
Whatman Ho* 12 folded filter paper.
Aliquots of the filtrate were taken and calcium, potassium and sodium 
were determined with a Perkin-Elmer Model 520 Flame Hectometer. Th® 
instrument was operated according to instructions furnished by the manu­
facturer (08) *
Lithium in the form of the chloride was used as the internal standard* 
Ninety-eight ml. aliquots of the soil extract were added, to 100 ml* volumetric
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flasks and enough lithium chloride solution added so that when the volume 
was increased t© 100 ml*, the solution contained 100 parts per million 
lithium* This solution was analysed for calcium content on the flame 
photometer equipped with acetylene gas and burner under a pressure of five 
pounds per square inch arid air under a pressure of 10 pounds per square 
inch* Xn addition to solution© containing the unknown amounts of calcium, 
standard solutions containing from 0 to 100 parts per million calcium and 
100 parts per million lithium were analysed and a calibration curve con­
structed* The value® obtained from the unknowns were compared to this 
curve and th© concentration of calcium determined*
Potassium and sodium were found in th® same manner as calcium except 
that propane was used for the flam© instead of th® acetylene* Calibration 
curves were prepared in the same maimer a® for calcium* The • range in con­
centration of the standards for potassium was from 0 to 100 parts per 
million while the range for sodium was from 0 to 20 parts per million*
Ma^esitsa was determined by a quantitative colorimetric method proposed 
by Drosdoff and Nearpass (35)* Th© determination was based on the us® of 
thiaaol© yellow and a compensating starch solution to give a reproducible 
color that could b© measured in a Fisher KLeetrepfcbtometer, with a precision 
and accuracy well within accepted standard© for colorimetric methods* It 
was not necessary to remove iron, aluminum, manganese, phosphorus or calcium* 
From 5 to 25 ml* of th© solution obtained from the extraction of the soil 
was added to a 50 ml. volumetric flask followed by th© addition of one ml. 
of hydroxyXamino hydrochloride, five ml. of a starch-compensating solution, 
one m3., of 0.1 per cent thiasole yellow and five ml* of 2*5 normal sodium
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hydroxide, th© volumetric flask was brought up to volume with distilled 
water and the color intensity measured after standing for exactly 20 
minutes * A set of magnesium solutions* ranging in concentration from 1 
to 5 p.p.m. Mg were prepared simultaneously and used a© standards.
Available phosphorus determination involved an extraction with 0.05H 
hydrochloric acid in th® ratio of Is 100 ©oil to acid. On© gram of ©oil 
was agitated for one hour with 100 ml, of 0 .05H hydrochloric acid and the 
suspension filtered. Fifteen ml, of th® ©oil extract was put into a 50 
ml. volumetric flask. After dilution with approximately 20 ml, of dis­
tilled water, 3 ml* of 2.5 per cent ammonium molybdat© solution in 10M 
H2SO4 was added* The solution was made up to volume, shaken well, and 3 
drops of 1 per cent stannous chloride solution was added, A set of 
standards ranging from 0*1 to 0.5 p.p,m. phosphorus were prepared simul­
taneously. The color for each sample was allowed to develop for 15 minutes 
then read in a Fisher Electrophotometer. The amount of phosphorus present 
was determined by reference to a standard graph,
The chemical properties of the soils used in th® experiment© were 
determined by above methods as shown in the following tabulations
Soil type pH Total N 0a I Ha t
% nwA me me me ppa
Gallion very fine sandy loam 5.5 0.063 8.35 0*185 0.272 0*261 15
Olivier silt loam 5.8 0.070 4.03 0.200 0*170 0.803 23
Richland silt loain̂ 6.9 0.059 3.07 0.093 0.126 1.252 13
Rusrton fine sandy loam^ 6.0 0.034 1.55 0.102 0.067 0,155 14
Portland silty clay loam 6*4 0 .05S 4.26 0.176 0.247 0.936 60
1 Me A 00 ®oii* 2 Average of two years.
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the technique employed for collecting plant samples for chemical 
analyses involved m  estimation of the total absorption of cations and 
phosphorus at two stages ©f growth* under field conditions. in 1952* 
samples were collected of both seedling cotton and cotton at the first 
bloom stage of development* in 1953 sample© were taken only of cotton at 
the fruiting stage« Ten plants from each plot* selected at random* were 
sampled from the various treatments, A composite was made of representative 
samples from the three replications* A count was taken and an estimation 
of the total number of plants per acre recorded, Th® plant samples were 
placed In paper bags and taken to the laboratory for processing. The plant 
material was dried in a foreed-draft oven maintained at 60® Centigrade.
After separation of the various portions into roots* stems* leaves* and 
s<guare*3, the three replicates of each treatment were composited and the 
air dry plant material was then weighed. The water content of the air dry 
plant material was determined by drying samples in a 100® 0* oven and 
measuring th® loss of water. The percentage moisture was calculated on the 
basis of the oven dry material.
Samples of the different treatments were ground to 20 mesh fineness in 
a #iley mill. Two grams of the dry plant material was wet-ashed successively 
with nitric and perchloric acids according to the method developed by Toth* 
Prince, Wallace and Mikkelsen (101). The silica was removed by filtration, 
and the filtrate containing the cation® to be determined was made up to 
100 ml. volume with distilled water. This solution contained the calcium, 
potassium, sodium arid magnesium that were subsequently to fee determined.
^Young flower buds.
n
The same m©thod« were employed ia the determination of the cation® and
phosphorus from the plant material as were used for the soil extract except
that different amounts of the solution were taken* For calcium, potassium,
and sodium 10 ml* of the plant extract was transferred into a 100 ml.
volumetrie flask containing 100 parts per million lithium as the internal
standard» The solution was diluted to 100 ml. with distilled water. The
dilution was Is $00 on basis of dry plant material*
Magnesium was determined from a one ml* aliquot of the original 31*100
dilution as an orange colored magnesium lake produced by thi&aol® yellow,
after compensating for % %  and Ca as previously described*
Phosphorus, as the reduced phosphomolyfodate blue complex, was determined
at a dilution of 1:25,000 made from a one ml* aliquot of the 1*500 dilution.
The yields of cotton from each location were analysed statistically
by the analysis of variance method (97)* The sources of variation and
degrees freedom of the analysis, of the randomised block design with three







The analysis of variance table of the randomized block design with three
replications and 18 treatments assumed a similar form.
The concentrations of sodium, magnesium, potassium plus sodium,
potassium and calcium in th® roots, atoms, and leaves were each correlated
3B
with the phosphorus concentration at different nutrient levels. Correlation 
coefficients were also calculated among the concentrations of cations in 
cotton leaves In all possible combinationss regardless of the nutrient 
statu®. The simple correlation coefficient (r) was calculated by the follow­
ing equation taken fro® Hayes and Iramer (49) *
The results of the chemical determinations , the yields of the various 
treatments, the relationship between treatments and yields and the correla­
tion among the cations and phosphorus are given as experimental- result® in 
tables in the following section.
ftherc* H = number of pairs for S.P.j Ho, of measure of x and y 
variables
S(xy) * sum of products of x and y variables
S(x)S(y) 9 sum of x X sum. of y
a sum of squares of th© x variable
S(x)^ m correction factor for x variablen
Sfy2) * sum of squares of y
* correction factor for y variable 
Results and Biscussion
The effects of fertilisers on the yield of seed cotton and on the 
cation and phosphorus contents of cotton at the fruiting stage on Gallion 
very fine sandy lorn at Her Rouge, Louisiana, 1952, are presented in 
fable %m In general sodium nitrate, when included in a complete fertilizer, 
gars higher yields than did ammonium nitrate* tdien 24 pounds of MgD as 
Sul-Po-M&g was added with the complete fertilizer, sodium nitrate signifi­
cantly increased the yield of cotton* Belomitic limestone applied with 
sodium nitrate in complete mixtures resulted in an increase of 2X3 pounds 
of seed cotton over the equivalent ammonium nitrate treatment, The effects 
of sodium and magnesium on the yield of cotton were probably due to their 
combined influences on the phosphorus content of the tissue, since plant 
analysis data indicated that increases in phosphorus contents were accom­
panied by increases in magnesium and sodium concentrations, Table 1*
The data in Table 2 show the correlation coefficients of cations and 
phosphorus contents in the roots, stems and leaves of cotton at the fruiting 
stage on G&Xlion very fine sandy loam at Her Rouge, Louisiana in 1952*
There were highly significant relationships between magnesium and phosphorus 
regardless of the nutrient status of magnesium in the soil* Loew (64) and 
Truog and associates (104) reported that magnesium functions as a carrier 
of phosphorus and that magnesium facilitates the movement of phosphorus In 
the plant to the points where the phosphorus is synthesized into organic 
compounds•
There was a highly significant relationship between sodium and phosphorus
39
Table 1* The effects of fertiliser* on yield of seed cotton and on cation and phosphorus content* of 
cotton at the fruiting stage on Oallion very fine sandy loam at Her Rouge. Louisiana, 1952.
Treatment* Source* of 















0- 0- 0- 0- o3 Roots 9 40 1.0 19 69.0 0.206Stem* 24 66 1.6 23 314.6 0.263 909Leaves 152 62 4.6 43 261.6 0.253
Squares 74 67 0.6 35 176.0 0.495
0” 0* 0-109 HaNOo Root* 5 52 1.2 13 71.2 0.212
Stem* 13 68 2.6 17 100.6 0.253 074Leaves 150 6? 16.7 50 265.7 0.205
Square* 12? 69 0.7 39 235*7 0.405
48— 0— 0— 0— 0 Root* 5 51 1.9 15 72.9 0.171
Stem* 9 63 6.3 20 100.3 0,202 033
Leave* 195 57 4.9 49 305.9 0.260
Squares 112 66 0.9 36 216.9 0.495
48—24—48— 0—109 Root* 7 56 2.3 IB $3.3 0.263Stems 21 76 4.6 21 124.0 0.2S3 115#
Leave* 192 71 16.3 46 327.3 0.275
Squares 57 40 0.3 22 119*3 0.505
48—24—48— 0— 0 HH4H03 Roots S 44 3.4 14 69.4 0.190
Stem* 9 56 7.4 21 95.4 0.212 1124
Leaves 193 57 10.5 57 317.5 0 .26#
Squares 02 56 1.3 34 175.3 0.404
48—48—4S— 0—109 IaSC>3 Hoots 4 47 1*2 14 66*2 0.212
Stem* 13 70 4*6 m 107*6 0.222 1417
Leave* 194 53 11.1 59 317.1 0.315
Squares ST 6? 0.7 33 167.7 0.535
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Table 2* Belationshipss as shorn by correlation coefficients between the 
accnjRulatlon of cations and phosphorus 1 h the roots * stems and 
leaves of cotton at the fruiting stage on OalXion very fine 




Ha and f Soil P
Pert* P
Mg and P Soil Mg
Forte Mg
K ♦ Ha and P Soil P
Fort. P
K and P Soil F
Pert* P
Ca and P Soil P
Fert. P
m/mmmmmmmmttmmmmmam—mmum 1.I >m< i
* significant at 5% level 
## significant at X% level
r
v©Xu«>... rrm.... ..... ..r
Ho. of 
naira







G.732*# 150 *016## 33
Table 3* Correlation coefficients m&ng cations in cotton leaves at the 
fruiting stage on Galilean. very fine sandy loan at Mer Rouge,
 ________ loalelana. 1952. at all nutrient X e m U .
   ------------------------
Oa and K 0.234
Ca and Ha -0.340
Ca and Kg 0.303
K and Ha 0.167
K and Mg -0.348
Ha and Mg 0.060
r at 5* laral » 0.497 at 14 d.f. 
r at ljg level * 0.623
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where phosphorus was included in the fertiliser. this is in agreement with 
lewis and others (63) who reported, that neutral salts having no common ion 
with the F2P5 fertiliser compound increased the solubility of the slightly 
soluble P2&O5 salt* A correlation value of 0*4? m e  obtained for the 
variables sodium and phosphorus where phosphorus was not included In the 
fertiliser mixture# the calculated r value approached the value ©#51 required 
for significance, indicating that sodium tended to increase the absorption 
of native soil phosphorus#
Correlation coefficients among cations in cotton leaves at the fruiting 
stage on Gallion very fin© sandy loam at Mer loug®* Louisiana * 1952* are 
presented in Table 3# There were negative but nom-signifleant correlations 
between calcium and sodium* and potassium and magnesium in the leaf tissue#
The absence of correlation may be attributed t© an insufficient number of 
pairs from which the values were calculated* Apparently sodium played a 
more important role in suppressing the calcium content of the leaves of 
eotton at the fruiting stage, than did the other, cations# This fact was 
substantiated by the negative correlation between calcium and ©odium in 
leaf tissue. Kven though the calculated r value for calcium and sodium was 
statistically not quite significant* it was in the negative direction and 
approached the required significant value at the 5 per cent level ©f proba­
bility*
The data in Table 4 indicate that at the seedling stage there was more 
tendency toward total cation constancy in cotton leaves than In the roots 
or stems* At the fruiting stage there was less tendency for the leaves to 
maintain total constant concentrations of bases* The greatest variations
table 4. Effects of fertilizers on cation and phosphorus contents of cotton at the seedling stage on 



















0- 0- 0- 0- 0 Hoots 26 72 3.6 19 120.6 0.304
Stems 33 97 2.6 26 150.6 0.293
Leaves 91 72 1.6 46 210.6 0.350
0- 0- 0-109 NaSO-a Boots 34 77 5.3 24 140.3 0.242
Stems 34 107 2.0 24 167.0 G.203
Leaves m 76 10.4 52 227.4 0.400
4S* 0— 0— 0°* 0 HH4HO3 Boots 60 73 12.0 23 160.6 0.293Stems 5? 93 13.1 31 194.1 0.279Leaves 100 62 4.3 40 206.3 0.375
43*24‘!4t.8» 0-109 1M O 3 Boots 46 76 10.9 22 154.9 0.360
st m s 43 112 9.4 20 104.4 0.333
Leaves 02 09 9.1 51 231.1 0.430
46—24—46— 0* 0 IH4HD3 Boots 34 74 4.4 22 134.4 0.259
Stems 2? 92 3.0 m 151.0 0.263
Leaves 90 70 6.9 55 221.9 0.363
46—46—46— 0—109 iaWOo Roots 19 76 2.2 10 H 5.2 0.303
Stems 20 107 12.2 17 156.2 0.279
Loaves 09 90 2.2 46 227.2 0.513
0— 0 HB4HO3 loots 34 49 5.2 25 113.2 0.2S3
Stems 36 00 3.5 30 157.5 0.253
Leaves 99 69 1.3 43 212.3 Q.306
4&- 0-4&- 0-1O9 ia^ 3 Boots 22 66 9.6 21 110.6 0.232
Stems 35 93 7.9 25 160.9 0.238


































































K Ha Mg Total P
me me me me %
75 6.1 22 132.1 0.253
96 4.6 16 148.6 0.248
80 2*6 42 205.6 0.400
65 9*6 22 130*6 0.283
76 H. 7 29 161.7 0*313
74 9.5 56 238.5 0.425
72 3*9 19 117*9 0.246
84 6.7 23 147.7 0.273
77 4*8 42 205.8 0.363
77 2.3 24 124.3 0.284
86 2*2 3© 150.2 0.263
85 1©.© 57 236*0 0.500
96 1.9 19 148.9 0*269
79 1*0 29 142.0 0.275
87 3.5 39 210*5 0.400
72 2*5 U 130*5 0.293
9© 2.4 23 146.4 G.26?
76 1.7 43 209.7 0.425
79 1.9 21 I30.9 0.4Q4
96 1.3 30 157.3 0.28381 5.6 48 213.8 0.450
61 3.5 27 226*5 0.273
71 3*1 36 145*1 0.303
68 3.0 65 224.0 0.700
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In the total number of cations expressed as ssllliequivalent sum® occurred 
in the squares of fruiting cotton| however, in seedling cotton the roots 
exhibited the largest variation*
The differences occurring in the chemteal composition of cotton at 
two stages of growth may be observed by comparing the data in Table 1 with 
that in Table- 4* The roots and stems of seedling cotton exhibited much 
greater s&lliequi valent sums of cations than did the roots and stems of 
cotton at the fruiting stage* To the contrary, the leaves of cotton analysed 
at the fruiting stag© showed greater milliequivalent m m  than did leaves 
at the seedling stage* Thus, the leaves of cotton at the fruiting stage 
and the roots or stems of cotton at the seedling stag© would most nearly 
reflect the quantities of calcium, potassium, sodium and magnesium necessary 
for normal growth* According to Lundeg&rdh (6&) the leaves through their 
central functions of photosynthesis and protein formation have a deciding 
influence on the quantities of nutrients transported to the growing shoots 
and fruit, and the nutrient content of the leaves reflects both the supply 
from the soil and the future yield.
The data in Table 5 show the effect® of fertilizers on the yield of 
seed cotton and on cation and phosphorus contents of cotton at the fruiting 
stag© on Olivier silt loam at Opelousas, Louisiana, 1952. In a complete 
mixture containing nitrogen, phosphorus at the higher level and potash, 
sodium nitrate gave higher yields than did ammonium nitrate* In a mixture 
that contained nitrogen and phosphorus with no potash, the use of sodium 
nitrate as the nitrogen source resulted in an increase of 141 pounds per 
acre over the corresponding ammonium nitrate treatment. The application of
fable 5. the effects of fertilizers on the yield of seed cotton and on cation and phosphorus contents 



















0» 0- 0- 0- ©3 Roots 1© 33 5.2 10 66.2 0*108
Stems 34 44 6.7 U 95.7 0.190
Leaves 130 36 6.3 45 219.3 0.200
Squares 94 63 1.5 62 220.5 0.561
4a- 0- 0- 0-109 HaM03 Roots 11 5© 2.5 21 64.5 0.211
Stems 36 64 6.5 14 120.5 0.194Leaves 170 34 12.0 50 266.6 0.250
Squares 124 62 1.4 65 252.6 0.524
48— 0— 0— 0— © Boots 11 34 3.1 20 60.1 0.109Stems 39 39 9.6 15 102*0 0.189Leaves 172 35 6.9 54 207.9 0.225
Squares 101 60 2.1 66 229.1 0.507
48-24—48— 0-109 I&HOq loots 11 40 3.9 21 03.9 0 .279J? Stems 35 53 7*4 13 100.4 0.195
Leaves 145 56 11.5 76 290*5 0.275
Squares 99 66 1.7 64 230.7 0.526
43—24—43" 0— 0 BBiiOq Hoots n 45 1.5 25 82.5 0.194Stems 27 6© 4.0 11 102.0 0.2H
Leaves 155 67 4.1 77 303.1 0.238
Squares 107 72 1.0 55 235.0 0.592
43—43—43— 0—109 iaM% loots 9 45 3.7 19 76.7 0.172
Stems 35 63 6.9 15 119.9 0.220
Leaves 137 45 11.5 66 261.5 0.338
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Ha Mg Total 
me me me
P U e U  
% lb®./acre
35 1.8 23 71.8 0.216
46 5*2 17 93*2 0.158 2246
62 7*2 72 283.2 0*300
59 1*7 66 235*7 0*541
50 2.9 17 79.9 0.203
59 4.4 14 105.4 0.185 m i
53 9*7 63 268*7 0*263
64 1.2 62 234.2 0.522
47 2.6 21 80.6 0.193
69 3.9 16 116.9 0*192 2145
63 6*7 67 296.7 0*238
6? 2,0 65 235*0 0*529
52 4,4 20 m.  4 0.237
59 6.5 16 215*5 0.216 1797
51 11*4 41 243*4 0.276
63 1*2 59 235*2 0.632
a 3.7 23 79.7 0.171
51 5.7 17 99*7 0.172 I656
52 8.9 49 254.9 0,262
63 1*4 63 232.4 0*509
4? 3.3 21 82.3 0.199
4? 6.6 13 92.6 0.176 1755
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doXcaitlc limestone equivalent to 4t$ pounds of MgO Kith a complete fertiliser 
mixture containing sodium nitrate as a carrier of nitrogen significantly 
Increased the yield of seed cotton over a similar mixture without limestone*
In treatments receiving complete fertiliser mixtures, the addition of either 
Sul-Po-Mag or dolomitic lime resulted in significant yield increases where 
ammonium nitrate served as the nitrogen source., these results show that it 
Is important to consider the nitrogen carrier used in the fertiliser* the 
use of limestone, and the addition of magnesium# The data indicate that 
sodium nitrate or the non-feasie carrier, «&amliuft nitrate, supplemented 
with dolomitic limestone produced significantly higher yields than the 
addle carrier ammonium nitrate#
The data in Table 6 indicate that significant relationships existed 
between the cations sodium, magnesium, calcium and phosphorus in the roots, 
stems and leaves of cotton at the fruiting stage. Thera were sign!fleant 
relationships between the variables sodium and phosphorus regardless of the 
nutrient status of phosphorus in the soil. The significant correlation 
between sodium and phosphorus on treatments receiving no phosphorus Indicates 
that apparently sodium increases the absorption of the native soil phosphate. 
The highly significant correlation between sodium and phosphorus where 
phosphorus was added in the fertilizer suggests that sodium also increases 
the absorption of the fertiliser phosphorus. These results are in agreement 
with those of Marshall and Sturgis (71) who attributed increased yields of 
cotton partially due to the effect of sodium nitrate on the us© of ©oil 
phosphates.
Plant composition data in Table 5 show tendencies for increasing magnesium 
concentration® to be accompanied by increases in the phosphorus content in
52
Table 6. Relationships aa shown by correlation coefficients between the 
accumulation of cations and phosphorus in roots, stems and 








Ha and P Soil P 0.621# 15Pert. P 0.609## 33Kg and P Soil Kg 0.752## 36
Pert. Kg 0.221 12
K * Ka and P Soil P 0.229 15Pert. P 0.343 33
K and P Soil P 0.063 15Pert. P 0.016 33Ca and P Soil P 0.843## 15Pert* P 0.707## 33
* significant at $% level of P 
** significant at 1% level of P
Table 7. Correlation coefficients among cations in cotton leaves at the 
fruiting stage on Olivier silt loam at Opelousas * Louisiana* 
1952. at all nutrient levels.
Variables r value
Ca and K -0.016
Ca and Ka -0.095
Ca and Kg 0.125
K and Ka -0.518#
K and Mg 0.559#Ka and Mg -0.176
r at 5% level » 0*497 for 14 d*f • 
r at 1% level « 0.623 for 14 d.f.
53
th© roots, ftattfi and loaves of cotton at the fruiting stage, A highly 
significant r value of 0,75 far magnesium sad phosphorus which was obtained 
idiero m  magnesia was applied in the fertiliser mixture verified the 
relationship between the variables magnesium and phosphorus (fable 6) • 
fb® hi$ily significant relationships between calcium and phosphorus 
was thought to be due to th© relatively large quantities of calcium accumu­
lating la the plant tissue (fable 3 and fable $} * hooper and ether© (20) 
classified cotton a© a calcium accumulator plant since it was shown that it 
contained relatively large quantities of calcium in the tissue*
Correlation coefficients of cations in cotton leave® at th© fruiting 
stage on Olivier silt loam at Opelousas* Louisiana* 1952 are presented In 
fable 7* There were negative* however, nonsignificant correlations among 
the cation concentration© of calcium and potassium* calcium and sodium* and 
©odium and magnesium in cotton leaves irrespective of fertilisation* A 
significant negative correlation existed between the potassium and sodium 
contents of leaf tissue* Chemical composition data In fable 5 show that 
there was an inverse relationship between leaf potassium and sodium* This 
Indicated that increases in the sodium content were accompanied by a decrease 
in the concentration of potassium in the leaves*
The data in Table 0 indicated that at th© seedling stag® there was a 
greater tendency toward total cation constancy in cotton roots than in the 
©tern© or leaves* Th© cation concentrations of the roots, stems and squares 
of cotton at th© fruiting stag© showed a relatively high degree of constancy 
when expressed as milliequivalent sum®* The leaves of cotton at the fruiting 
stag© and the stems of cotton at th© seedling stage showed the greatest 
degree of variation, in total base content*
falstle 8. The effects of fertilisers on cation and phosphorus contents of cotton at the seedling stage 















0* O’* €S» 0* 0 Roots 12 fl 1.7 26 130.7 0.284
Stent 44 100 7.6 27 178.6 0.331
leaves 142 75 ^0.5 40 257.5 0.288
48** 0* 0— 0-109 Roots 13 84 3.4 20 120.4 0.161✓ Stems 35 101 20.4 33 mjk 0.257
leaves 145 77 4.8 51 277.8 0.363
48— 0— 0— 0— 0 M$0$ Roots 15 m 2.5 29 129.5 0.237
Stems 46 100 11*3 37 194*3 0.239
leaves 141 77 1.3 54 273.3 0.298
48—24—48— 0—109 mm* Boots 15 97 3.7 25 140.7 0.397✓ Stems 38 102 2ia 30 ima 0.255leaves 155 84 4.1 58 301.1 0.125
48—24—48— 0— 0 gH.SO-. loots 11 95 1.3 33 140.3 0.313*T Stems 40 m 3.5 22 176.5 0.312
leaves 170 92 0.9 47 309.9 0.375
48-48-48- 0—109 HSBC's Scats 14 91 3.2 24 132*2 0.320«/ Stems 43 109 19.3 30 201.3 0.386
leaves 140 93 4.3 49 286.3 0.475
48-48-48- 0— 0 M 4IO3 Sects 12 n 1*8 21 126.8 0.245Stems m m 9.3 m 183.3 0.263
Leaves 185 94 1.5 58 318.5 0.388
48— 0-48- 0—109 BaSD* Soots 18 87 3.9 29 137.9 0.186
Stems 26 77 19.6 13 135.6 0.211


































































































































































































































































Differences in the cation and phosphorus? contents of cotton at th® 
needling and fruiting stages of development may be observed by comparing 
data in fable 5 with that, in fable B* In general$ the total concentration 
of cations and phosphorus were higher in young tissue* the most pronounced 
variation occurred in the potassium content* Cotton at th® seedling stage 
contained considerably more potassium than did plants at the fruiting stage* 
The potassium content of th© roots and stems was greater than that of the 
leaves of seedling plants* The squares of cotton at the fruiting stage 
contained more potassium then did the roots ̂ stems or leaves'* The calcium 
and magnesium contents of leaf tissue did not vary a groat deal at th© two 
stages of growth | however * the concentration of calcium was characteristi­
cally high in both seedling and fruiting cotton* The plants receiving 
fertilisers containing sodium nitrate contained approximately twice as 
much sodium as did those receiving amentum nitrate* Th© ©odium content 
was higher is the tissue at the seedling stage than In tissue at the fruiting 
stage on sodium nitrate treated plots* Cooper and others concluded that it 
was necessary to have an abundant supply of potassium in the soil to secure 
satisfactory yields of carbonaceous crops which accumulate calcium* The 
data presented la Table 5 and Table 8 suggest that sodium may effect a more 
favorable calciua-potasslum balance in the cotton plant by reducing th© 
uptake of calcium*
The treatments and their arrangement as listed in Table 9 and Table 10 
illustrate the type of experiment designed to determine the value of sodium 
as a substitute for potassium* Addition of NajgO as ©odium chloride equiva­
lent to 24 pound® of K%0 with fertiliser mixtures containing nitrogen and
Table 9* Sodium as a substitute for potassium In nutrition of cotton at the seedling stage on Richland



















0*“ O* 0* 0— 0 Soots 39 65 U .2 64 179.2 0.270
Stems 64 62 8.8 73 207.3 0.107
Leaves 131 45 9*6 70 255*6 0*323
0** 0» 0 mLm* Soots 31 57 9*3 56 153*3 0.233®T </ Stems 73 56 10*4 79 213.4 0.094
Leaves 165 51 16.1 51 2S3.1 0.369
0“ 4^ HH4MO3 Roots 26 51 11,6 54 142.6 0.248
laCl Stems 71 52 10,0 so 213*0 ©.HO
Leaves 129 46 10,0 74 259.0 0.197
4t^t* 0- 0— 32 MiMte Roots 24 56 11.3 91 162.3 0*225
iJl Stems 76 76 9*6 73 234*6 0.133
Leaves 143 51 U.3 76 263.3 0.254
48-48- 0- 0-16 M 4SO3 toots 27 77 6.7 73 166.7 0.233
IfsOl Stems 60 63 3*0 56 202*0 0*157
Leaves 152 62 5*7 75 294.7 0.419
4&-4S-24- 0- 0 IH4HO3 toots 29 73 5*2 56 165*2 0,263
Sterne m 77 4*6 80 241.6 8.11S
Leaves 145 64 7*6 77 293*6 0*372
48—48—24— 0— 32 HH4SO3 Roots ls m. 6.7 66 201.? 0.25S
MaOi Stems n n 3*1 64 216*1 0*125
Leaves 144 68 6.5 66 286.5 0.2S?
48—48—24— 0— l6 ^ 4^)3 Roots 22 77 4*3 43 146,3 0.240
SaCl Stems 57 as 2*4 60 202.4 0.149































































£ Ha Hg Total P
ms ns ms ms i
80 3*3 47 155.3 0.270
94 2.2 50 198.2 0.110
73 3.9 62 273.9 0.262
86 7.3 58 290.3 0.278
94 4.6 64 234.6 0.095
7$ 7.0 72 292.0 0.238
78 5.3 47 150.3 0.293
81 2.9 49 169*9 0.O86
71 6.8 78 297.8 0.476
77 3.5 a 153.5 0.255
104 2.0 51 207.0 0.12540 3.0 66 243.0 0.365
60 13.7 49 148.7 0.308
64 13.0 63 190.0 0.118
58 16.5 m 300.5 0.279
67 16.1 a 149.1 0*280
8? 12.0 52 215.0 0.180
66 13.9 91 317.9 0.303
81 13.5 43 159.5 0.353
94 8.5 38 182.5 0.157
23 9.6 79 250.6 0.402
76 12.2 45 162.2 0.330
96 10.1 45 187.1 0.141
62 9.8 76 277.8 0 *262
Table 9. (Continued)
Treatments Sources of
S-?2P5-SgD-Mg0-Na20 N, HgO 














K Ha Mg Total F
me me me me #
78 3.7 35 130.7 0.266
103 4.1 54 215.1 0.133
44 4.3 78 258.3 0.295
86 10*4 51 172.4 0.295
89 7.6 61 210.6 0.157
74 8.3 85 312.3 0.279
Table 10* Sodium as a substitute for potassium in nutrition of ootton at tbs fruiting stag# on Richland
silt loam at Baton Borneo* Louisiana* 1952,
treatments Sources of
S-Pzq^Sa^-MgO-fiaaO s, Mgo Parte of Ca E Ka Xg Total P Yield
lbe./acre and MagO the plant mo me ae aa me i lbe./acre^
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phosphorus significantly Increased the yield of cotton on Richland silt 
loam at Baton Eouge, 1952* Response to sodium from H&G1 was observed when 
potassium and sodium chloride were applied at the lower levels . Addition 
of sodium equivalent to 24 pounds of K^O in combination with potassium 
chloride was the most effective rate* Fertiliser mixtures containing sodium 
nitrate gave significant yield increases over ammonium nitrate treatments 
that were not supplemented with Ma$0 from sodium chloride, the IMM* 
fertiliser mixture with ammonium nitrate as a carrier of nitrogen plus 
Bagp equivalent to 24 pounds of J£gO as sodium chloride gave as large a 
yield as did a comparable mixture with, sodium nitrate as the nitrogen source, 
the application of dolomitic lime equivalent to 41 pounds per acre of MgO 
la complete fertiliser mixtures failed to significantly increase the yield. 
The lack of response to dolomitie limestone was attributed to the relatively 
high magnesium content of the soil. Analytical data showed that EXehXand 
ailt loam contained 1.25 alXliequivaXents Mg per 100 grams. The application 
of 109 pounds of n«ao as sodium nitrate in the fertiliser mixtures containing 
bo potassium caused the greatest accumulations of sodium in the leaf tissue. 
The addition of Had equivalent to 40 pounds of BagQ in fertiliser mixtures 
containing nitrogen as HH4NO3 and phosphorus caused a reduction in yield 
and a decrease in the sodium content of the leaves. The detrimental effects 
due to the addition of BaCl were thought to he due to the chloride ion. 
Hiller (01) reported that an excess of chlorine may seriously interfere with 
cell metabolism la tobacco. The adverse nutritional effect was obtained 
from an application of chlorine to tobacco in amount® as low as 20 parts 
per million.
64
The data In Table $ and Table 10 give additional support to the value 
of sodium as a partial substitute for potassium in functions e m m n  to the 
basic ions or to sodium as a nutrient element in the growth of cotton* 
the associations among cation accumulations in the leaf tissue are shown 
by data In Table 12. There was a highly significant negative correlation 
between sodium and potassium in leaf tissue. Plant composition data,
Table 10, indicate that increases in sodium content were accompanied by 
decreases in leaf potassium. Holt and folk (52) found that sodium in the 
nutrient media had little or no effect on the percentage of potassium in 
the plant tissue, but, on the other hand, the concentration of the potassium 
in the nutrient media had a tremendous effect on the percentage of sodium in 
the plant tissue. A negative correlation was found between the potassium 
and magnesium contents in leaf tissue. Plants grown on plots receiving the 
higher rates of potassium in the fertiliser mixture showed the most marked 
decreases in magnesium content. It is of interest to note that potassium 
is the semen ten associated with all of the negative correlations listed 
in Table 12. These results are partially in accord with those of fork, 
et al. (115) who found that potassium greatly reduced the absorption of 
calcium, magnesium and sodium} however, the absorption of potassium was not 
appreciably influenced by the other cations and was primarily a function of 
the available supply of this element in the soil. The significant positive 
correlations between calcium and sodium and sodium and magnesium suggested 
that increased sodium content was associated with increasing amounts of 
calcium and magnesium in leaf tissue.
The relationships between the cations and phosphorus in the various 
parts of the plant are shown in Table 11. There was a highly significant
65
Table XX* Belationshlps as shot*® by correlation coefficient® between 
the accuMulatioa of cations and phosphorus in roots 5, ©teas 
and leaves of cotton at the fruiting stage on Richland silt
Variables KutrienfeStatus
- j a m a * ; . .......... -......... ............. -
r 1c value pg»* of
Be and P Soil Ha 0*450 (0*460 req* aig* value) IB
Pert. Ha 0.440*® 36Kg and P (all levels) 0.06S 54K f Ka and P Soil Ma <•0*130 ia
Pert* Ha -0*S21 36
K and P Soil K -0*143 ISPert* £ -®*5S1*® 36Ca and P (all levels) 0*340®* 54
* significant at the 5% level of probability* 
** significant at the X% level of probability„
Table 12* Correlation coefficients of cations in cotton leave® at the
fruiting stage on Richland silt loam at Baton Eouge, Louisiana,
a OMUJh* (HUS4. v " ”7 '̂
Variables
*....  .... . ......
T ..*ftl!»* ...... ... ...................
Ca sad K -0.144
Ga and Na 0.559*
Ca and Kg 0.710**
K and Ma -0.714**
K and Mg -0.500*
Na and Mg 0.817**
r at %  level of probability « 0.46# at 16 d.f, 
r at level of probability « 0*590
relationship between sodium, and phosphorus where sodium was added to the 
fertiliser* Apparently sodium increased the availability of the fertiliser 
phosphate* Plant composition data in fable 10 and correlation coefficients 
in Table 11 shew that there was a relationship between sodium m d  phosphorus 
when sodium was not present in the fertiliser mixture* I'ven though the 
calculated r value 0*45 for sodium and phosphorus was not quite significant, 
it closely approached the value 0*4? required for significance. The failure 
to obtain a high degree of correlation was probably due b© an insufficient 
number of pairs* Only .IS pairs of measurements were available for this 
calculation* Apparently the addition of potassium was associated with a 
loir accumulation of phosphorus la the resets, stems and leave® of cot teas at 
the fruiting stage* A highly significant negative r value 0.5® was calculated 
for the variables potassium and phosphorus where potassium was added* 
Evidently the potassium fertilisation resulted in the production of more 
growth and allowed the crop to more efficiently use the absorbed phosphorus* 
The results given in Table 13 from the es^erimeat conducted on Muston 
fine sandy loam at the Horth Louisiana Hill F a m  Experiment Station, Homer, 
1953, show that highest yield was obtained with 600 pounds per acre of an 
S~g~& mixture with ammonium nitrate as the source of nitrogen, plus 250 
pounds of dolomitic limestone per acre| however, the yield of cotton obtained 
fro® 600 pounds per acre of an &-B-8 mixture with the nitrogen from nitrate 
of soda was only 13 pounds of seed cotton less* There was a definite response 
to the addition of phosphate at this location* The data on the analyses of 
the plant material show that the addition of sodium increased the plant’s 
ability to obtain phosphorus*
Table 13. The effeete of fertiliser* on yield of seed cotton and on cation and phosphorus content* of 
cotton at the fruiting sta&c on Kuaton fine sandy loam, Homer. Louisiana. 1953.
Treatments^ Sources of 

















0* 0* 0» 03 Roots 13 40 1*6 9 63.6 0.117
Stems 31 49 3.3 23 106.3 0.137 1157Leaves 112 72 4.0 34 222.0 0*304
Squares 6o 65 2.6 46 175.6 0.510
48" 0— 0** 0-109 KaNO* Roots 15 50 9.1 15 69.I 0.132
Stems 33 61 13.5 25 132.5 0.152 1190
Leaves 117 70 15.0 44 246.0 0.362
Squares 70 6? 2.9 53 192.9 0.551
4S* 0** 0— 0— 0 m um 3 toots 13 36 3.7 16 66.7 O.120*7 ✓ Stems 30 43 3.7 30 106.7 0.143 1318Leaves 154 55 5*1 54 260.1 0.303Squares 73 60 1.6 54 168.0 0.461
48-24-48- 0-109 MaHO* toots 14 55 5.5 13 67.5 0.340Stems 26 63 7.7 24 120.7 8.172 1290Leaves 116 £L 10.2 42 249.2 0.332
Squares §2 66 3.3 56 209.3 0.432
48—24—48— 0- 0 SHtS(h loots 15 50 2.0 16 83.0 0.137“f ^ Stems 2? 56 2.6 21 134.0 0.176 1519
Leaves 132 76 4.4 40 254.4 0.330
Squares % 65 2.0 60 203.0 0.518
48-68-48- 0-109 HaHO-5 toots 14 56 3.9 17 90.9 0.140J1 Stems 30 67 6.6 24 127.6 0.225 1645Leaves 129 62 13.3 41 265.3 0.322
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Correlation coefficients given In Table 14 show a highly significant 
relationship between accumulations of sodium and phosphorus in plant tissue 
where phosphorus was added to the fertiliser mixture. The r value for the 
sodium and phosphorus association where only soil phosphorus was absorbed 
very closely approached the value required for significance. This shows 
seme association between the absorption of sodium and native phosphorus . 
Sodium additions enabled the plants to obtain more phosphorus from the 
native soil phosphate. The highly significant r value* 0.87* calculated 
for the variables magnesium and fertiliser phosphorus where magnesium was 
not used in the fertiliser mixture indicated that the inclusion of phosphorus 
as superphosphate in the fertilisers containing no magnesium increased the 
absorption of soil magnesium. Ho association was found between phosphorus 
and fertiliser magnesium. Under the conditions of the experiment, the 
effects of added magnesium had to be determined as extra values above those 
of the ever present soil magnesium which apparently was sufficient to 
satisfy the specific magnesium requirements. Highly significant relation­
ships were found between the absorption of potassium plus sodium, and soil 
and fertiliser phosphorus} between potassium and phosphorus both with and 
without potash being included in the fertiliser5 between the calcium and 
phosphorus absorbed with and without phosphorus being added in the fertiliser.
The correlation coefficients listed in Table 15 show that potassium 
concentrations were negatively correlated with both calcium and magnesium 
accumulations la the leaves of cotton at the fruiting stage on Ruston fine 
sandy loam. Plant analyses showed largest accumulations of magnesium in 
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The Inclusion of potassium equivalent to 40 pounds of KjgO from muriate 
of potash in complete fertilizers caused the greatest decrease in leaf 
magnesium and also a pronounced decrease in calcium concent rations. Plants 
grown en plots that received complete fertilisers with potassium at the 
highest level exhibited symptoms thought to be associated with magnesium 
deficiency* Boynton and Compton (15) induced magnesium deficiency in apple 
trees on soils fertilised repeatedly with potassium. This phenomenon is 
sometimes called ionic antagonism, and in this particular experiment, 
potassium concentrations in the cotton leaf depressed the accumulations of 
magnesium. Potassium and calcium were also negatively associated in leaf 
tissue. A significant negative correlation value of 0.52 was calculated 
for the two variables potassium and calcium irrespective of nutrient levels.
The effect of treatments on the weights of the various parts of the 
cotton plants grown on Rueton fine sandy loam is presented in Table 16.
The total weight of plants grown on plots that received fertilizers that 
included aamemlum nitrate were greater than the weight of plants fertilised 
with sodium nitrate; however, yield data indicated that there was relatively 
little relationship between the weight ©f the young plants and the yield of 
seed cotton.
The effects of applications of fertilizers containing sodium and 
magnesium on cation and phosphorus absorption by cotton on Rustem fine sandy 
loam at the fruiting stage are presented in Table 17. Relatively small 
amounts of magnesium were absorbed as compared with the amounts of calcium 
and potassium. Still smaller amounts of sodium were absorbed as compared 
with the other cations; however, marked Increases in sodium contents of the
73
Table 16, The effects ef applications of feriillaera on the weights of 
the roots, stems, leaves and squares of cotton ab the fruiting
. ... .. stage on tension txm mmsr
Treatments Sources of 
H~F205^0«4!gCMIfc20 8, HgO 
lbs./We .nd S*»0 s leight inlba,Heots Stems
• .... 
Squares
0- o_ o- 0- 0 101.® 118.1 326.5 12.1
48-0-0- 0-109 8*883 69.7 132,7 358^0 10.9
Qe» 0"** 0** 0 KH4NO3 90.9 133.9 352.5 27.3
48-24*48- 0-309 NaBOj 90.9 344.8 389.5 10,9
48-24-48- 0- 0 m km$ 333.9 234.4 542.7 23.0
48-48-48- 0-309 HaH03 307.2 350.2 431.9 41.8
48-48-48- 0- 0 328.4 209.0 537.3 23.6
48- 0-48- 0-309 MaN03 64.2 107.2 358.0 13.3
48- 0*48- 0- 0 NE4UO3 307.2 171.4 394.9 12.7
48-48- 0- 0-309 NaM03 75.3 123.6 326.5 15.1
4848— 8- 0— 0 **km 3 303.8 333.9 394.9 21.8
48-48 8  8  32 NH4HO3
Nadi
80.6 118.1 279.2 13.3
48" 48—4824-309 KaKOa
Sul-Po-Mag
323.6 193.2 527.0 19.4
48-48-4824- 0 HH4MO3SaX-Po-^f&g
86.0 139.3 337.4 17.6
48-48-4848309 mm*Dolomitic Lime
75.1 123.6 331.9 13.3
48-48-46-48 0 NH4HO3 
DoXomitlc Lime
90.9 166.0 379.2 32.7
* Average of three replication®.
p o
I s
p ? p o
£ p
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0.2? 2.31 0.19 0.19 0.1S
1.04 5.05 0.59 0.56 0.34
1.29 15.00 2.11 2.65 1.90
0.2S 0.51 0.01 0.13 O.ll
0.19 1.64 0.04 0.13 0.13
0.70 3.31 0.04 0.32 0.25
7.W 10.92 0.22 1.66 1.15
0.23 0.47 0.01 0.10 G.09
0.15 1.49 0.0? 004 0.12
0.87 3.33 0 .20 0.39 0.23
7.83 11.39 0.73 2.23
0.37 0.35 0.01 O.0S 0.07
0.20 1.35 0.03 0.13 0.13
0.93 2.98 0.12 0.46 0.28
7.66 18.05 0*45 2.14 1.32
0.52 0.30 0.02 0.21 0.18
0\
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roots * stems and leaves occurred In plants receiving additions of sodium 
as sodium nitrate. Marshall and Sturgis (71) reported that the definite 
role of sodium in the nutrition of the cotton plant is obscured under field 
conditions, since the crop may grow normally with relatively little sodium 
accumulating in the tissues, and it may grow well on soils low in available 
sodium content. The largest absorption of cations expressed as sums of the 
bases in pounds per acre occurred with plant© fertilized with mixtures 
containing nitrogen as ammonium nitrate with phosphorus and potassium at 
the higher levels. The addition of sodium chloride equivalent to $2 pounds 
of KagO with nitrogen and phosphorus caused a decrease in both the total 
weight and amount of bases absorbed by the plants. The detrimental effect 
Caused by the addition of sodium chloride was attributed to the toxic 
effect of chlorine resulting fro® the application of approximately 63 pounds 
of common salt.
Data from an experiment designed to study the value of sodium nitrate 
as a source of nitrogen and the value of sodium in the fertilization of 
cotton on Portland silty clay loam are shown in Table IS* Results of this 
experiment show that nitrate of soda gave higher yields than did ammonium 
nitrate where only nitrogen, was applied. Mhere no phosphate was applied, 
nitrate of soda gave higher yields than did ammonium nitrate. The applica­
tion of 600 pounds of 8-8-0 with nitrogen from nitrate of soda resulted in 
a 221 pound greater increase in yield than was obtained from a similar 
mixture containing ammonium nitrate. In general, higher yields resulted 
from the application of complete fertilizers in which the source of nitrogen 
was sodium nitrate. The addition of magnesium at both the 24 end 48 pound
Table 18. The effects of fertilizers on yield of seed cotton and cm cation and phosphorus contents of 
cotton at the fruiting stage on Portland silty clay loam. Bastrop. Louisiana. 1953#
Treatments. Sources of
N-P20/-K2<r-MK0-Na20 g, MgO Parts of Ca
lbs ./acre and HagO the plant me




































50 6.1 32 99.1 0.273
55 7.6 34 124.6 0.244 1031
48 9.4 78 337.4 0.306
61 2.4 45 212.4 0.705
48 7.7 13 73.7 0.297
48 7*8 . 29 106.6 0.197 1582
65 14.6 64 278.6 0.385
81 3.3 50 199.3 0.790
54 4.6 27 93.6 0.194
68 5.7 23 125.7 0.226 1539
60 10.1 84 302.1 0.316
66 2.5 48 238.5 0,72k
52 6.1 25 90.1 0.291
60 8.7 28 122.7 0.231 1916
63 33.0 66 301.0 0.320
60 2.6 59 276.6 0.658
49 5.0 30 93.0 0.282
56 7.0 24 103.0 0.222 1796
62 11.4 77 279.4 0.322
?2 1.0 43 221.0 0.761
57 9.1 31 116.1 0.275
53 13.0 28 109.0 0.179 1891
60 12.2 72 291.2 0.382
63 2.9 63 247.9 0.722
Table 18. (Continued)
Treatments Sources of
N-P2O5-K2O-MgO-NaaO S# MgO Parts of Ca
lbs ♦/acre and Na^Q the plant as













































K Be Mg B m P field
me me me me % Iba./aea
47 7.7 37. 102.7 0.310
48 5*7 38 114.7 0.212 1743
52 10.9 82 289*9 0.357
68 1*2 45 206.2 0*780
59 6.5 36 110.5 0JL73
57 8*3 29 H9.3 0*229 1778
87 12*4 n 303*4 0.385
59 2*7 41 184.7 0.8O8
55 9.© 23 92.0 0.150
65 7.0 24 116*0 0*22? 1636
54 10*9 67 289.9 0.359
64 1.5 61 234.5 0*667
57 5.7 27 95.7 0.306
83 7«4 22 103.4 0.235 1832
59 13.9 79 328.9 0.348
76 2.0 55 223.0 0.733
46 6.7 11 68.7 0.267
55 8*4 27 110.4 0.224 l6ll
55 12.4 82 297.4 0.299
67 1*4 42 183.4 0.771
44 14.6 37 111.8 0.226
53 11.4 35 124.4 0*233 1799
46 16.2 72 305.2 0*363
61 2.8 45 202.8 0.778
-3
Table 18. (Continued)
Treatments Sources of 


















48-4S-4S-24-109 NaWO3 Roots 14 54 7*2 27 102.2 O.29OSul-Po-Mag Stems 25 61 9.1 32 127.1 0.207 3853
Leaves 186 51 17*1 75 329.1 0.335
Squares 128 61 3*0 55 247.0 0.611
4Ŝ S'*4̂ *2fe" 0 SH4 % Hoots 5 48 11.3 7 71*3 0.286Sul-?o-Mag Stems 20 51 7.6 28 106.6 0.190 1987
Leaves 152 47 13.2 76 288.2 0.310
Squares 77 77 2.2 46 202.2 0.758
4S-4S-4&48-109 NaHOq Hoots 3 63 6.1 14 86.1 0.263
Doloaitic Lime Stems 17 63 6.7 22 108.7 0.194 im
Leaves 129 54 16.1 70 269.1 0.308
Squares 95 n 1.7 45 213.7 0.682
4^*464^*48“ 0 MH4SO3 Hoots 6 55 5.7 9 75.7 0.265
Doloadtlc Lime Stems 22 6? 3.9 29 121.9 0.216 2034
Leaves 177 62 9*6 78 326.6 0.335
Squares m 74 3.1 44 208.1 0.743
Source of P2O5 = 20$ Superphosphate *
2 Sources of KgO = 60$ Muriate of Potash and Sul-Po-Mag, 21.5% &a0*
3 The untreated soil contained 0.058$ M, 4*264 a*®* available Ca* 0.176 sue* of K, 0.247 sue* of 
0.936 m.e. of Mg, and 60 p.p.m. of P. The pg was 6.4.
* L.3.D. at 9$ ~ g7.
L.SJD. at 1% = 117.
8
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HgO levels t© complete fertilisers with ammonium nitrate as the nitrogen 
source caused significant increases in the yield of seed cotton • The 
largest yield, 2034 pounds, was obtained with a complete mature with 
ammonium nitrate and 250 pounds of dolomitie limestone*
Correlation coefficients given in Table 19 show that sodium increased 
the absorption ©f fertiliser phosphate* Plant analyses of the roots, stems 
and leaves ©f cotton at the fruiting stag© revealed that Increases in sodium 
contents were accompanied by increases in phosphorus accumulations where 
both sodium and phosphorus were included In the fertilisers* A non­
significant r value (0*2?) was found for the variables sodium and phosphorus 
in the roots, stems and leaves where phosphorus was not included in the 
fertiliser mixture* This low degree of association may have been due to 
a lack of association between the sodium and phosphorus accumulations in 
the roots and stems* Where no phosphate was added, the leaves of cotton 
fertilised with nitrate of soda contained considerably more phosphorus 
than did these that received ammonium nitrate* The inclusion of 43 pounds 
©f KgO with nitrate of soda or ammonium nitrate did not affect the phos­
phorus contents of the cotton leaves, Table 18. Correlation coefficients 
listed in Table 19 show that there was little relationship between concen­
trations of potassium and phosphorus accumulations. This may have been 
due to the extra stimulation of growth from the addition of potassium.
The response in yield from added magnesium was not associated with the con­
centrations of this element in the various plant parts* A non-significant 
r value, 0*04, indicated that there was little if any association between 
magnesium and phosphorus concentrations in the roots, stems and leaves of 
cotton at the fruiting stage* To the contrary, there was a highly
Table 19* Relationship® a* sheim by correlation coefficients between 
the accumulation of cations and phosphorus in the roots, 
atm*, and leaves of cotton at the fruiting stage on Portland 
— ______ __ silty; clay loam at Bastrop, Louisiana, 1953*
Variables
Nutrient r Mo. of
Status value
Ha and P SoU P 0*274 (0.514 req. sig. value) 15
Kg and P Fert. P 0.455** 33Soil Kg 0.720** 38Fert. Mg 0.039 12K ♦ Ka and P Soil P 0*40# 15Fert. P 0.183 33K and P Soil K 0*118 18Fert. K -0,028 30Ca and P Soil P 0.791** 15Fert. P 0.739** 33
* significant at the 5% level of probability 
** significant at the If level of probability
Table 20. Correlation coefficients among cations in cotton leaves at the 
fruiting stage on Portland silty clay loam at Bastrop, 
Louisiana. 1953* at all nutrient levels»
Variables________  xjm&m.
Ca and K —0*419
Ca and Ha -0.091
Ca and % 0.189
K and Ha -0.148
K and Mg *0.254
Ha and. Mg -0.442
r at the 5# level of probability a 0.497 at 14 d.f* 
r at the If level of probability * 0.623
as
significant relationship between calcium and phosphorus regardless of 
fertility levels. The data in Table IS showed that a relatively large 
amount of calcium accumulated ±n leaf tissue of cotton on plot© that 
received ammonium nitrate supplemented with dolomiti© limestone. This 
data suggests that the calcium free?, dolomltie lime played as important a 
part in the nutrition of cotton at the fruiting stage as did the magnesium,
Hegative but non-significant relationships existed between the 
variables potassium and calcium, between potassium and sodium* and between 
sodium and magnesium In the leaves of cotton at the fruiting stage on 
Portland silty clay loam* fable 20. The lack of correlation among the 
various cations was attributed to an inadequate number of pairs upon which 
the values were based* since only 16 pairs were available for the calcula­
tions.
The data in Table 21 and Table 22 show the approximate weight of dry 
matter and the amounts of cations and phosphorus required for normal 
nutrition of cotton on Portland silty clay loam* a representative soil of 
some of the more productive cotton areas of Louisiana. Considerably more 
cations and phosphorus expressed as sum of bases in pounds per acre were 
absorbed by the plants on Portland silty clay loam than were absorbed by 
plants grown on Euaton fine sandy loam* a relatively poor soil. This can 
be seen by comparing the data in Table 16 and Table 17 with those in 
Table 21 and Table 22. In general, the total weight of dry matter and the 
amounts of cations in the leaf tissue was greater in plants grown on 
ammonium nitrate treated plot®. The greatest absorption of bases occurred 
where only k& pounds of nitrogen as ammonium nitrate was used. Apparently 


































































































































Table 22* The effects of fertilisers on oat ion and phosphorus absorption by cotton at the fruiting stage 
on Portland silty clear loam. Bastrop* Louisiana. 1953* . __
Treatments
$5—P gO -l̂ O—MgO—N&20
lbs./acre
Q* 0— 0* 0» 0
4^* 0* 0*109





N, KgO Parts of Ca K Ma Mg P





Roots 0.23 2.03 0.15 0.40 0.28
Stems 2.32 8*88 0.72 1.69 1.01
Leaves 49.37 21.71 2*62 31.3 3 3.70
Squares 3 M 2.13 0.05 0.49 0.64
Soots 0.16 2.90 0.27 0.24 0.66
Stems 2.10 8.92 Q M 1.66 0.96
Leaves 37.44 35.15 4.66 10.65 5.34
Squares 1.32 1.84 0.06 0.46 0.6l
Boots 0.42 5.58 0.28 0.86 0.51
Stems 4.30 23.75 1.17 3 .01 2,02
Leaves 75.79 59.91 5.95 25.81 8.09
Squares 3.54 3.74 0.08 0.84 1*05
loots 0.29 4.17 0.29 0.62 0.60
Sterne 4.05 18.23 1.56 2.62 1.80
Leaves 47.87 38.98 4.50 U.92 4*82
Squares 4.43 3.34 0.09 1.01 0.94
Hoots 0.41 4.39 0.26 0.83 0.65
Stems 2*50 17.07 1.26 2.25 1.74
Leaves 66,49 62*32 6.76 23.81 i.30
Squares 1.27 1.70 0.01 0.32 0.46
Boots 0.57 3*34 0.31 Q.56 0.41
Stems 1.50 10*30 1.49 1.68 0.89
Leaves 3& .43 28.99 3.48 10.71 4.73
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cotton since this element constituted less than 5 per cent of the total 
absorbed cations* the squares contained the smallest concentration of 
sodium and were less responsive to sodium applications than were the roots 
end stems* This data gives additional support to the supposition that 
the mineral content of the leaves most nearly reflects the quantities of 
potassium, calcium, magnesium and phosphorus necessary for normal growth 
and development *
the experiment at Baton Rouge on Richland silt loam, Table 23, was 
designed to study the use of sodium as a substitute for potassium in the 
growth ef cotton* Results show that highest yields were obtained from the 
application of complete fertilisers containing nitrogen from sodium nitrate. 
The highest yields were also obtained from higher rates of potash} however* 
sodium did partially substitute for potash when the potash was applied at 
the lower levels. The addition of 5ul-Po~Mag appeared to increase the use 
ef sell phosphates* Ho direct response to applications of magnesium was 
observed, particularly where high rates of sodium and potassium were added.
The data given in Table 24 show the relationships between the cations 
and phosphorus In the roots, stems and leaves of cotton at the fsmiting 
stage grown on Richland silt loam. Increases in phosphorus concentrations 
were accompanied by Increases in the sodium contents in plants grown on 
plots that received additions of phosphorus. Chemical analyse® showed 
that plants fertilized with mixture® containing nitrate of soda a® the 
nitrogen source and superphosphate contained relatively larger concentra­
tions of both sodium and phosphorus in the tissue. These results suggest 
that sodium increased the absorption of the fertilizer phosphate. The
table 23. the effects of fertilisers on yield of seed cotton and on cation and phosphorus contents of 
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Treatments Sources of 
















48-48-48— 0“ 0 NHi.N0*j Hoots 3 17 6*2 7 33.2 0.074
KOI Stems 20 16 8.0 32 76.0 0.093 1945
leaves 110 29 15.3 58 212.3 0.210
Squares 60 60 1.7 48 169.7 0.545
40-48-48-41-109 HaNOj Hoots 3 42 4*1 23 72.1 0.083
KOI Stems 23 52 5*4 29 109-6 0.142 203®
Doloajitic lime Leaves 90 56 12.8 44 202,3 0.281
Squares 85 66 2.2 47 200.2 0.679
48-48-48-41- 0 NH4HO3 Roots 4 31 7.4 25 67.4 0.111
KOI Stems 33 27 9.7 34 93.7 0.035 2108
Doloaiiie Lime Leaves 122 42 17.4 6? 243.4 0.253
Squares 90 56 2.3 57 205.3 0.621
48—48—48—41—109 MsMj Hoots 3 35 4.1 6 50.1 0.025
3aX-?©~Mag Stems 21 36 9.6 29 95.6 0.019 1751
leaves 119 44 13.3 51 221.3 0.202
Squares 75 05 1.5 54 195.5 0.611
4g.4g.7a- 0-109 hsm3 Roots 3 37 4.5 15 59.5 0.116
mi Stems 18 40 4.8 28 90.8 0.115 2303
Leaves 116 47 11*8 54 223.3 0.244
Squares 72 67 2.2 49 190.2 0.786
48—48—72 — 0— 0 M lM H Hoots 8 30 3*0 30 77.0 0.076
mi Stems 23 44 5.5 40 112.5 0.091 2147
Leaves 140 42 13*4 58 253.4 0.221
Squares 09 64 1.7 51 135.7 0.615
I Source of P2O5 * 20? Superphosphate *
2 The untreated soil contained 0.050? S, 3*030 m.e. available Ga, 0.092 sue* of K*, 0.128 m*e* ©f Ha, 
1.177 m.e. of Mg, and 11 p.p.®. of P. The pH was 6.0.
3 L.S.D. at 10? a 150 lbs. seed cotton per acre.
l.S.B. at 5% = 180 lbs. seed cotton per acre.
Table 24. fieiationafeips as shown toy correlation coefficients between the 
a©cumulat1 cm of cations and phosphorus in the roots, stems and 
leaves of cotton at the fruiting stage on Richland silt loam 






Na and P Soil P 0.500 (0,514 req. aig. value) 15Pert* P 0.702** 39Mg and P Soil Mg 0.755** mPert* Mg 0.015** 15I * Ha and P Soil P 0.667** 15Pert* P 0.793** 39K and P Soil K 0*141 12Pert* K 0.307* 42I and P Soi l P 0.303 15Pert. P 0.222 330a and P Soil P 0.732** 15Pert. P 0.016** 39
* significant at the $% level of probability, 
** significant at the 1$ level of probability*
Table 25* Correlation coefficients among cations in cotton leaves at the 
fruiting stage on Richland silt loam at Baton Bouge, loulslana, 
1955* at all nutrient levels*
Variables rvalue
Ca and K -0.464
Ca and Ha 0.444
Ca and Mg 0.575*
K and Na -0.641**
K and Mg -0.722**
Ha and Mg 0.794**
r at the %  level of probability « 0*460 at 16 d.f. 
r at the 1% level of probability * 0.590
93
calculated r value for the variables sodium and phosphorus whei*e no phos­
phorus was applied w  not significant$ however, It approached very closely 
the required value for significance at the 5 per cent level of probability. 
Sodium had a tendency to increase the availability of the native soil 
phosphate. A highly significant relationship existed between the variables 
magnesium and phosphorus in the plant tissue regardless of the nutrient 
status of magnesium. Apparently magnesium functions as a phosphate carrier 
since large concentrations of magnesium were accompanied by relatively 
high phosphorus accumulations particularly in leaf tissue. Significant 
relationships also existed between the variables potassium plus sodium 
and phosphorus both with and without added phosphorus. Potassium and 
phosphorus were associated where potassium was included in the fertiliser 
mixture, and calcium and phosphorus concentration were associated regardless 
of the phosphate treatment.
The data in Table 25 show the association among the various cations 
in cotton leaves at the fruiting stage grown on Richland silt loam. 
Potassium accumulations in leaf tissue were negatively correlated with 
the accumulations of sodium, magnesium and calcium irrespective of the 
nutrient status of the soil. The highest negative degree of correlation, 
as indicated by the r value, 0.72, between the variables potassium and 
magnesium shows that an inverse relationship existed between these two 
variables. Tissue analysis showed that luxury consumption of potassium 
was associated with decreases In magnesium accumulation. The largest 
increase in the magnesium content of leaves occurred in plants growing on 
plots in which potassium was not included in the fertiliser mixture.
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The effects of fertilisers m  the weight and the amounts of cations 
and phoaphorue in the roots, stems, leaves and squares of cotton at the 
fruiting stage cm Richland silt loam are presented in fable 26 and fable 2?. 
Plants absorbed greater amounts of sodium on sodium treated plots shore 
potassium was applied at the lowest label* the application of 600 pounds 
of with nitrogen from sodium nitrate caused the plants to absorb
largest amount of sodium* These data indicated that sodium did substitute 
for approximately one-half of the fertiliser potassium where potassium was 
applied at the 24 pound level*
The averages of the effects of treatments for all locations are shown 
in Figure 1* la general and cm a comparative basis sodium nitrate alone 
end in all combinations gave higher yields than did equivalent amounts of 
ammonium nitrate* Sodium nitrate gave significantly higher yields than 
did amenium nitrate when applied In complete mixtures* Wten only nitrogen 
and phosphorus were added, nitrate of soda gave an average yield of 162 
pounds more seed cotton per acre than did ammonium nitrate* Mien only 
nitrogen and potash were applied, nitrate of soda gave an average increase 
of 105 pounds more seed cotton than ammonium nitrate* With complete mixtures 
supplemented by 250 pounds per acre of dolomifcic limestone, nitrate of soda 
produced an average of 113 pounds more seed cotton than did similar treat­
ments containing ammonium nitrate as a carrier of nitrogen* The average 
results from treatments at all locations show a value for sodium as a 
partial substitute for potassium, a value for sodium due to its increase on 
the availability of phosphorus, and a value for 3odium as a basic ion in 
the nutrition of cotton.
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Table 26. The effects of fertilisers cm the weight of the roots, stems,
leaves and squares of cotton at the fruiting stag© on Richland
  silt loam. Baton Rouge. Louisiana* 1953*
Treatments Soureee of
B-PaOft-I&O-MgQ-lfaaO H , % 0 , MgO 
lba./aore loots
Weight in lbs* ner
St leaves Squares
175.7 599*6 1175*1 54.50*. 0“ o*** o*. 0
46* 0** O* 0-109 »*so3
48- 0-48- 0-109 NaH03, KC1
48- 0-48-41-109 H11NO3, Sul-Po-Mag
48-24-48- 0-409 BaKOj, SCI
48-24-48-41-109 HaS03, Sul-Po-Mag
48-48- 0- 0-109 NaNOj
48*48— 0— 0— 0 HH4NO3
48-48-24- 0-109 KaH03, KOI
48-48-24- 0- 0 HK4HO3, SCI
48- 0-24- 0-109 HaSD3, KOI
48-48-48- 0-109 HaK03, SSI
48-48-48- 0- 0 KH4NO3, KOI
48-48-48-41-109 NaN03, KOI, Dolomltic Lima
48-48-48-41- 0 HH4MO3, KOI, Dolomltic Lima
48-48-48-41-109 HaN03j Sul-Po-#ag
48-48-72- 0-109 HaJSOj, KC1
48-48-72- 0- 0 884803, KC1
199.9 1035.8 1798.9 145.4
193.8 739.0 1496.1 333.1
175.7 938.8 1502.1 60.6
266.5 1108.4 3343.5 399.8
351.3 1175.1 2271.4 187.8
248.3 902.5 2065.4 133.3
187.8 872.2 1568.8 96.9
205.9 963.1 1726.3 109.0
169.6 708.7 14H.3 133.3
302.9 1078.2 1877.7 115.1
199.9 348.0 3490.0 187.8
363.4 1514.3 4409.5 290.7
381.6 1617.2 2907.4 236.2
|2 1992.8 2477.3 157.5
24S-3 1296.2 1853.4 90.9
199.9 1090.3 1956.4 151.4
460.3 1665.7 3289.0 266.5
♦Average of three replications
Table 27* The effects of fertilisers on eation and phosphorus absorption by cotton at the fruiting stage


















0— 0** 0** 0" 0 Roots 0.56 1.17 OJA 0.74 0.23
Stems 4.S2 4.45 2.18 2.66 0.7®
(eaves 26.89 16.96 6.79 8.74 2.28
Squares 0.68 1.27 0.04 0.24 0.41
48- 0- 0- 0-109 KaROo Roots 0.27 2.88 0.57 0.90 0.26
Stems 5.54 11.24 3.39 5.45 0.96
Leaves 72.23 43.04 13.38 25.28 5.25
Squares 6.80 9.20 0.U 2.45 2.17
4$— 0-4&- G—109 HaNOo Roots 8.36 2.65 0.38 0.02 0.20
KOI Stems 3.55 11.53 1.99 2.93 0.79
Leaves 46,92 25.09 5.71 U.31 3.64
Squares 4.46 8.83 0.13 2.08 2,07
4^- 0-4S-41-1G9 $sm$ Roots 0.15 4.74 0.37 0.51 0.27
Sul-Pe-M&g Stems 4.52 19 .ca 1.50 3.47 1.12
Leaves 38.00 50,74 5.65 12.64 4.81
Squares 1.84 3.27 0.06 0.93 0,83
4 3—24—4 3— 0—109 Roots 0.49 2.79 0.20 0.50 0.26
KOI Stems 4.53 17.80 1.75 3.77 1.37
Leaves 42.J6 25.78 4.62 9.41 4,69
Squares 1.28 2.80 0.04 0.50 0.69
48-24-4^-41-109 loots 0.18 4.73 0.31 0.18 0.28
SuX»P0—Mag Stems 6.47 20.60 1.41 4.01 1.15Leaves 42.07 32.23 5.05 U.27 4.19
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0,12 1.37 0.29 0.17 0.15
3.15 6.01 1.77 3.70 0.90
37.97 19.52 6.07 12.01 3*63
1*31 2.55 0.04 0.63 0.59
0.21 7.54 0.43 1.2? 0.3C
7.66 33.79 2.07 5.00 2.37
59.20 71.13 9,61 17.37 9.24
4.54 6.17 0.14 1.51 1.81
0.16 2.42 0.34 0,60 0.22
5.01 11.41 2.43 4.45 0.93
47.73 32.04 4.36 15.73 5,05
2.72 3.30 0.O8 1.03 0.94
0.10 2.32 0,24 0.12 0.04
2.90 9.95 1.57 2.47 0.14
33.5C 24,21 3*9^ 8,64 0,83
2.00 3.37 0.05 0.86 0.81
0.15 3.5C 0.26 0.45 0,29
4.67 20.22 1.43 4.36 1.49
42.99 33*97 5.03 12.01 4.52
1.31 2.3C 0.05 0.54 0.72
0.32 2.81 0.14 0.72 0.15
3.90 14*55 1.07 4.07 0.77
41.72 24.41 4.59 10.37 3.29
2.59 4.69 0.07 1.15 1.16
Treatments







48-48- 0- 0 
Na20 eq. 4® lh£ 
KtjO from. NaCl
48- O-48- 0
48- 0- 0- 0 
0- 0- 0- C
Yield of seed cotton in pounds per acre 
1000 2000 +
N from. NH4HO3 
/// N from NaNO^
Check
L.S.D. at %  - 130
1000 2000 
Yield of seed cotton in pounds per acre
Figure 1.--Effects of treatments on yield of seed cotton, averages from all locations.
mmmr aw mmwBiQm
I a 1952 and 1953* six experiments were ran on five different soil 
types, Cklliosi very fine sandy learn, Olivier silt loam, Richland silt loam* 
test on fine sandy loam and Portland silty ©lay loam in Louisiana to 
determine the effoots of fertilisers containing sodium and magnesium on 
yield of cotton and on the cation and phosphorus concent rations in cotton# 
Complete fertilizer mixtures containing sodium nitrate as the source 
of nitrogen caused significant increases in the yield of seed cotton over 
similar mixtures containing asroonltsm nitrate on Olivier silt loam, Portland 
silty clay loam and Richland silt loam* The largest increase in yield,
353 pounds of seed cotton, due to the use of sodium nitrate in complete 
mixtures occurred on Richland silt loam in 1953.
On Gallion very fine sandy loam a significant increase in yield 
resulted from the use of a complete fertiliser in which the nitrogen was 
carried hy sodium nitrate and to which 24 pound© of MgP from Sul-Po-M&g 
was added# The addition of 4& pounds of HgO from dolomltic limestone to 
a complete mixture with sodium nitrate as the nitrogen carrier gave 
increases in yield over a corresponding mixture containing ammonium nitrate 
on Gftllion very fine sandy loam and on Olivier silt loam* There was a 
significant response of 359 pound® of seed cotton on Olivier silt loam 
due to application of 250 pounds of dolomitic limestone with a complete 
fertiliser containing ammonium nitrate*
There was a definite response from cotton to applications of magnesium 
on Portland silty clay loam* The complete fertiliser with ammonium nitrate
100
** th© source of nitrogen end 2$0 ponses per acre of dolomltic limestone 
gave a higher yield then a similar combination containing sodium nitrate. 
The complete fertiliser with ammonium nitrate as the carrier of nitrogen 
supplemented with 24 pounds of MgD from Sul-Po-Mag gave an increase of 
244 pounds per acre of seed cotton due to the use of Sul-Po-K&g.
Relationships as shown by correlation coefficients between the accumu­
lation of cations and phosphorus in the roots, stems and leaves of cotton 
at the fruiting stage, indicated that there were associations between 
sodium and soil and fertiliser phosphorus* Sodium from sodium nitrate or 
from sodium chloride increased the absorption of fertiliser phosphorus.
The r values for the sodium and phosphorus associations, where only soil 
phosphorus was absorbed very closely approached significance. Sodium 
additions enabled cotton plants to obtain more phosphorus from the native 
soil phosphate.
Associations existed between soil magnesium and phosphorus. Increases 
in magnesium concentrations were accompanied by Increases in phosphorus 
accumulations in the roots, stems and leaves of plants growing on plots 
that received additions of phosphorus. Phosphorus enabled the plants t© 
obtain more native soil magnesium.
Relationships were found between calcium and both soil and fertiliser 
phosphorus. The correlations between the accumulations of calcium and 
phosphorus in the plant tissue were possibly due to relatively large amounts 
of calcium accumulating in cotton at both the seedling and fruiting stages 
of development.
Plant analyses shewed that cotton absorbed greater amounts of sodium
on sodium treated plot® and that sodium could partially substitute for 
potassium where potassium mat*, applied at the lower rates*
The results show a value for sodium as a partial substitute for 
potassium, a value for sodium in increasing the availability of phosphorus, 
and a value for sodium as a basic Ion in the nutrition of cotton.
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